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INTRODUCTION 
At the present time a great deal of attention is being 
given to the sanitary quality of the various dairy products. 
The work along this line has involved principally determina­
tions of the numbers of bacteria in milk but has also 
included determinations of the nvanibers of bacteria in market 
cream, ice cream, etc.; and, in some instances, the presence 
of certain types of bacteria has been investigated. 
In the case of butter, total bacterial counts can not 
logically be used in studying the general conditions of 
manufacture and handling because butter culture is often added 
to the cream and the bacterial content of the finished butter 
is strikingly influenced in this way. Yeast and mold counts 
on butter have, accordingly, been suggested because these 
organisms should be present in only very small numbers, if at 
all, in butter "ttiat is efficiently made from pasteurized 
cream and then properly handled in thoroughly cleansed equip­
ment. 
The yeast and mold count of butter at the present time 
is used chiefly by titie manufacturers and wholesale buyers of 
butter. Its use in the United States by control and health 
officials has been limited. In Canada it is used extensively 
in educational contests to improve the conditions under 
which butter is mmufactured. 
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Recently within the United States a great deal of 
emphasis has been placed upon the extraneous biological 
matter in butter by certain control officials. There is 
every reason to believe that in the control of this 
extraneous biological matter yeast and mold counts will be 
used in aiding in the interpretation of the resu].ts secured. 
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STATJilLlENT OF PHOBLliilvI 
The work herein reported involves a study of methods 
of deteralning the number of yeasts and molds in butter as 
to; (a) the influence of composition of media upon the 
yeast and mold count, (b) the influence of variations in 
composition and in methods of preparation of potato dextrose 
agar upon the yeast and mold count, (c) the influence of the 
kind of acid used to acidulate the medium and of the degree 
of acidulation upon the yeast and mold count, (d) the influ­
ence of incubation time upon the yeast and mold count, (e) 
the influence of the oxidation-reduction potential of the 
mediuia upon the grovrbh of yeasts and molds, (f) attempts to 
develop special methods for the yeast and mold count of 
butter, and (g) some factors inflviencing the number of yeasts 
in butter. 
GENERAL HISTORICi\L 
Bou3ka and Brown found that butter v;ith less than 
10 yeasts and molds per ml. was safer for long shipments and 
storage than butter with a higher yeast and mold content. 
These investigators considered that a count of SO or more 
yeasts and molds per ml. of butter indicated one or more of 
the following defects; failure to pasteurize; lack of clean­
liness and of sterility of utensils, pipe lines and churns; 
or contaminated starter. 
Hood and White(^2) reported that there was no test so 
valuable and so full of information as the yeast and mold 
count in attempting to control "Uie mold in butter. They 
found that it furnished a dependable check on the efficiency 
of pasteurization and sterilization of equipment. These 
investigators recommended the following standards in judging 
the sanitary efficiency of creamery operation: below 10 
yeasts and molds per ml., excellent; 11 - 50, good; 51 - 100, 
fair; and over 101, poor. 
The standards for satisfactory butter plant operation 
used by some of the central!zer creameries in the United 
States vary from less than 10 to less than 50 yeasts and 
molds per ml. of butter. In some of the Canadian provinces 
where yeast and mold counts have been used for several years 
as part of the butter score for samples of exhibition butter, 
a perfect score ia not given unless the butter contains no 
yeasts and molds per ml. 
In 1928 the American Dairy Science Association appointed 
a committee to sxiggest methods for the microbiological 
analysis of butter. This committee has made two reports 
suggesting methods for yeast and mold counts wL th the idea 
that these methods would be studied and used in order that 
in the future there may be prepared standard methods for the 
microbiological analysis of butter. 
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G3r.NER^ \L MEOTDS 
Samples of butter were secured from tubs and prints in 
the manner outlined in "Suggested Methods for the Microbio­
logical Analysis of Butter "(20)^ Approximately 25 grams of 
butter were taken and placed in 4 oz. sterile glass stoppered 
bottles and stored at about 0° C. until analyzed. 
Butter to be analyzed was softened in a 45° C. water 
bath. After the butter had reached the consistency of thin 
cream {usually in about 10 minutes) it was thoroughly shaken 
and 10 ml. removed with a warm pipette and placed in a 90 ml. 
water blank, the water in the blank being at 42 - 45° C. The 
pipettes used were calibrated to contain 10 ml., and after 
the melted butter had drained from the pipette, warm dilution 
water v/as sucked up into the pipette three times in order to 
rinse out the butter adhering to the walls of the pipette. 
After shalcing 25 times through an arc of approximately 1 foot, 
a quantity of 2.2 ml. of the dilution was removed by means of 
a pipette gradiiated to deliver two 0.1 ml. quantities and two 
1.0 ml. quantities; by means of such pipettes dilutions in 
duplicate could be rapidly prepared. 
After liquefying, the hot media were acidulated to pH 
3.5 — 0.1, using tartaric acid \mless oliierwise specified. 
The accuracy of acidulation was determined electrometrically 
by means of Mie quinhydrone electrode system. After the agar 
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had solidified, the plates v/ere inverted and incubated for 
five days at 21° - 25° G. Counting was done with a 
specially constructed illuminator v;hich aided in differen­
tiating yeast and mold colonies from fat globules. 
The media used were prepared as follows: 
Potato dextrose agar. An infusion of potatoes was pre­
pared by boiling 200 grams of peeled and sliced potatoes for 
1 hour in 1000 ml. of distilled water. It was strained 
through a double thickness of cheesecloth and if less than 
1000 ml. was obtained, it was brought up to this volume vdth 
distilled water. To this were added 2.0 per cent of 
commercial dextrose and 1.5 per cent of agar agar. The re­
action of the medium after sterilization for 20 minutes at 
15 pounds steam pressure was approximately pH 6.0. 
Potato dextrose agar suggested by Weiser^^®^ is the 
same as the above with the exception that 0.5 per cent 
peptone and 0.1 per cent ammonium sulphate were added. The 
reaction of this medium after sterilization was approximately 
pH 6.2. 
Bacto potato dextrose agar is a dehydrated product 
prepared by Digestive Ferments Company, Detroit, Michigan. 
Its composition was as follows: 0.5 per cent infusion of 
dried potatoes, 2.0 per cent dextrose, 1.5 per cent agar agar 
and 1 liter of distilled water. After sterilization the 
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reaction was approximately pH 5,5. 
Whey agars made in the laboratory were prepared from 
fresh skimmed milk. The milk was heated to 38 - 40*^ C. and 
2,0 ml. of rennet extract added per liter. The rallk was 
allowed to curdle firmly, the curd thoroughly broken up to 
facilitate rapid contraction, and the whey separated by 
straining through cheesecloth. The whey v;as divided into 
two equal parts. To part one was added 0,5 per cent peptone 
and 1.5 per cent agar agar, calculated on the basis of total 
volume of whey; it was then heated to dissolve the peptone 
and agar agar, the water lost restored; and after cooling to 
55° C, it was combined with part two which had been heated 
to 55° C. The pH v/aa adjusted to 7,5, 6,8, or 5.5. Egg was 
added in the proportion of one whole egg per 2 liters of 
medium and distributed thoroughly by pouring the medium from 
one container to another. The medium was then autoclaved, 
in order to coagulate the albumins, and filtered thro-ugh 
cotton, after v/hich it was flasked in definite quantities and 
sterilized. The resulting pH was approximately the same as 
the pH to which the. whey had been adjiosted prior to filter­
ing, 
Bacto whey agar -was prepared from the dehydrated 
product manufactured by Digestive Ferments Company, Detroit, 
Michigan, and had the following composition; 1.3 per cent 
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dry whey, 1.0 per cent peptone, 0.5 per cent sodium chloride, 
1.2 per cent agar agar and 1 liter of distilled water. This 
medltim after sterilization was at a pH of approximately 6.5. 
Tomato juice agar had the follo\ving composition: 
Tomato Juice procured by straining canned tomatoes through 
cheesecloth. To 400 ml. of tomato juice was added 600 ml. of 
distilled water which contained 10 grems of peptone, 20 grams 
of dextrose and 15 grams of agar agar. The tomato juice was 
added after the peptone, dextrose and agar agar had been 
dissolved in the distilled water. The pH of this medium after 
sterilization was 6.8. 
Bacto tomato juice agar was composed of 1 liter of 
distilled water, 2.0 per cent dried toiaato juice, 1.0 per 
cent peptone, 1.0 per cent peptonized milk, 1.1 per cent agar 
agar and 2.0 per cent dextrose. The approximate pH of this 
medium after sterilization \7as 6.1. 
The composition of 5 per cent dextrose nutrient agar was 
0.5 per cent peptone, 0.3 per cent beef extract, 5.0 per cent 
dextrose, 1.5 per cent agar agar and 1 liter of distilled 
water. The final pH of this medium after sterilization was 
6.8. 
Two per cent dextrose beef infusion agar was prepared 
by infusing one poimd of lean chopped beef in 500 ml. of 
distilled water for 18 hours at 0° - 10° c., then draining 
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through cheesecloth; and the liquid obtained, if less than 
500 ml., was brought to this volume with distilled water, and 
o 
then warmed to 50 C. In 500 ml. of distilled water 5 grams 
of peptone and 15 grams of agar agar were dissolved by 
o 
steaming, then cooled to 50 C., the two 500 ml. quantities 
were mixed and adjusted to pH 6.8. The mixture vms auto-
claved for 45 minutes at 15 pounds, filtered through cotton, 
and flasked and sterilized. The pH of the medium after 
sterilization was approximately 6.8. 
Baoto wort agar is composed of the following ingredients: 
1,275 per cent maltose, 1.5 per cent malt extract, 0.275 per 
cent dextrin, 0.235 per cent glycerol, 0.1 per cent dipotas-
sium phosphate, O-.l per cent ammonium chloride, 0.07,8 per 
cent peptone, 1.5 per cent agar agar, and distilled water to 
make 100.00 per cent. The pH of this medium was approximately 
4.8. 
Bacto malt agar was composed of malt extract 3.0 per 
ce.nt, agar agar 1.5 per .cent in 1 liter of distilled water. 
The pH of this medium was approximately 5.5. 
Bacto yeast dextrose agar had the following composition: 
0.3 per cent beef extract, 0.1 per cent yeast extract, 0.5 
per cent peptone, 0.25 per cent tryptone, 0.1 per cent 
dextrose, 1.5 per cent agar agar and 1 liter of distilled 
water. After sterilization the pH of the medium was approxi-
-15-
raately 7«0. 
The pure cultures of yeasts used in some of the 
experiments were; Tonila cremorls, Torula sphaerlca. Pink 
® (Torula glutinis). Liquefier B, Liquefier 106 and Common 
vrhite P. 
These yeasts had been isolated from dairy products by 
Dr. B, Yl. Hammer and associates at the Iowa State College. 
Other yeasts, designated by number, were isolated from 
samples of butter and used in certain trials; they were of 
the ooimnon white type and differed from each other in colony 
appearance. 
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Part 1 
INFLUENCE OF COl^'OSITION OF hlEDIA 
UPON THE YEAST AND MOLD COUNT OF' BUTTER. 
HlBtorical 
A review of the literature on the procedures employed 
to determine the yeast and mold counts of butter reveals 
considerable variation in the composition and methods of 
preparation of the media used. 
Lundt17) employed a medium prepared from imhopped beer 
wort. Hood and V/hite^^^^ used a similar medium. Hunziker^^®^, 
Macy^^®^, Bouska and Brown^^^, Spitzer and Parfitt^^^^, and 
Grimes^®^ employed ^ey as a nutrient base while Stiritz^^®) 
and Abbott^^^ used "near beer". Hood and White^^^) compared 
six media for the determination of yeasts and molds in butter. 
The madia used were (a) Bacto wort agar, (b) Bacto malt ex­
tract agar, (c) Bacto whey agar, (d) Bacto potato agar, (e) 
beer wort agar, and (f) whey agar; the beer wort agar and the 
whey agar were prepared in the laboratory. The conclusion of 
these inveetigatora was that all six media used were equally 
suitable for determiniiig the yeast and mold count of butter. 
Parfitt(22) compared the suitability of 10 medie for the 
determination of the yeast and mold counts, using 73 samples 
of butter. The media used were (a) Bacto wort agar, (b) 
Bacto malt agar, (c) Bacto whey agar, batch A, (d) Bacto 
whey agar, batch B, (e) whey agar, the whey being 
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ottained by rennet coagulation, (f) whey agar, the whey being 
obtained by acid coagulation, (g) 1 per cent lactose beef 
infusion agar, (h) standard nutrient agar, (i) 1 per cent 
lactose standard nutrient agar, and (j) 5 per cent dextrose 
standard nutrient agar. Tlie Baoto agars (-vTort, malt and whey) 
gave the highest yeast and mold counts of the 10 media 
studied; whey agar prepared by rennet coagulation gave the 
lowest counts, 
a?he committee appointed by the iunerican Dairy Science 
Association lias recommended several media in its reports on 
methods to be used in counting the numbers of yeasts and 
molds in butter. In its first report^^®^ four media were 
suggested} these were (a) Baoto malt agar, (b) Bacto ^ ey 
agar, (o) whey agar prepared by rennet coagulation, and (d) 
whey agar prepared by a old coagulation. The second report of 
this committee^recommended the use of (a) Bacto malt agar, 
(b) Baoto wort agar, and (c) potato dextrose agar. 
A. Influence of media of various composition 
upon the yeast and mold count of butter. 
In order to determine the relative values of some of the 
various media which have been, used for the enumeration of 
yeasts and molds in butter, samples of butter were seo\ired 
from 39 tubs, from 39 Iowa creameries. The samples were 
analyzed for the numbers of yeasts and molds present, using 
-18-
12 media. 
The media employed were as follows: 
1. Potato dextrose agar 
2. I'otato dextrose agar (Weisei) 
3. Bacto potato dextrose agar 
4. 'Vhey agar secured from whey filtered at pH 7. 5 
5. I^Tiey agai* secured from whey filtered at pH 6. 8 
6. ?!hey agar secured from v/hey filtered at pH 5. 5 
7. Bacto whey agar 
8. Tomato juice agar 
9. 5 per cent dextrose nutrient agar 
10. 2 per cent dextrose "beef infusion agar 
11. Bacto wort agar 
IS. Bacto ma3.t agar 
Four samples of butter were analyzed at a time. The 
time required to prepare dilutions of the four samples of 
butter and complete pouring of the plates with the 12 media 
was about 45 minutes. In order to distribute any variation 
that might be due to the length of time the melted butter was 
held in the plates before adding the agar, the order in 
which the media were poured was varied on a regular basis. 
An analysis of the data showed there was no relationship 
betv/een the counts obtained on the various media and the order 
in which the media were poured, which indicates that signifi­
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cant growth or destruction of organisias had not taken place 
dnrins the plating period. 
The yeast and mold counts obtained on the samples of 
butter are given in Table 1, Six samples of butter which 
showed no yeasts and molds on any of the media, and three 
samples in which the nmbers of yeast and mold colonies were 
too numerous to count on the 1 to 100 dilution, wore omitted 
from Table 1. 
There vrere vrf.de variations in the yeast and mold counts 
obtained with the IS media studied. The means ranged from 
S1«0 upon wiiey agar prepared from whey filtered at pH 7.5 to 
110.8 upon potato dextrose agar. 
Potato dextrose agar gave a higher mean yeast and mold 
count than did potato dextrose agar prepared according to 
the formula suggested by V/eiser, the means being 110.8 and 
100.6 respectively. The potato dextrose agar gave higher 
counts on 18 samples of butter than did the medim suggested 
by Weiser. The difference between these media is slight and 
is \7ithin the probable limits of error of plating, but the 
counts indicate that the addition of 0.5 per cent of peptone 
and 0.1 per cent ammonium sulphate, which are contained in 
the Weiser formula and not in the potato dextrose agar, are 
of no value in stimulating or supporting the growth of yeasts 
and molds in plates. Bacto potato dextrose agar gave a mean 
-20-
coxmt of 94.7 and gave a higher plate count T/ith seven 
samples of "butter than did potato dextrose agar prepared in 
the laboratory; the remaining samples of butter gave higher 
counts on potato dextrose agar. The Bacto potato dextrose 
agar is a meditxni especially prepared for work in plant 
pathology and mycology. It is prepared from potatoes grovm 
under special conditions. From the data there is no evidence 
that potatoes grov/n under such conditions are advantageous 
in the counting of yeasts and molds in butter. 
The media prepared from whey did not give so high yeast 
and mold counts as the media prepared from potatoes, v/liey 
agar prepared from whey which was adjusted to pH 5,5 before 
filtering gave the highest mean count of the v/hey media, the 
mean being 78.6. This medium gave hi^er counts for six 
samples of butter than did potato dextrose agar, while the 
remaining 24 samples of butter gave higjior counts upon 
potato dextrose agar. 
Within the whey agars there existed a correlation between 
the growtii of yeasts and molds and the pH at which the whey 
obtained by rennet coagulation was filtered. V/liey agar 
prepar.ed from whey filtered at pH 5.5 gave a higher mean count 
than the whey agar prepared from whey filtered at pH 6,8; 
the lowest mean count of the whey agars prepared in the 
laboratory was secured with the whey agar in which the whey 
""23.— 
Res-
Sample of Butter 1 2 3 4 5 6 7 8 
Medivmi 
Potato dextrose agar 4 18 8 17 6 4 18 19 
Potato dextrose agar (Weiser) 7 20 7 10 6 2 5 6 
Baoto potato dextrose agar 2 16 5 13 6 4 8 9 
Whey agar (whey pH 7.5) 0 2 1 10 2 4 1 9 
\'niey agar (whey pH 6,8) 2 7 0 14 3 2 4 i 1 
Whey agar (whey pH 5.5) 4 16 1 16 7 4 4 1 7 
Bacto whey agar 1 6 2 11 5 4 1 7 
Tomato Juice agar 2 17 1 13 7 5 9 9 
55& dextrose nutrient agar 1 6 5 14 5 1 10 12 
2^ dextrose beef infusion agar 2 6 0 9 4 0 0 1 
Baoto wort agar 2 6 3 12 4 2 18 12 
Baoto malt agar 2 10 3 11 4 1 8 5 

Table 1 
Influence of the medium upon the yeast and mold cotints of butter. 
Results expressed as the average count per plate containing 0.1 inl.of butter 
8 9 10 11 12 13 14 15 16 17 18 19 20 22 
19 53 2 10 7 30 59 23 139 76 30 36 29 Si 
6 49 0 18 8 46 49 24 57 78 20 47 32 Si 
9 23 10 12 4 25 54 24 64 90 25 30 24 2^ 
9 0 0 0 2 9 41 13 1 3 5 33 10 1( 
1 5 2 5 13 30 37 16 12 18 12 37 27 IJ 
7 21 0 7 12 6 50 25 20 56 14 31 38 2! 
7 2 0 4 9 23 48 24 2 26 17 33 21 12 
9 23 10 12 4 46 57 27 43 68 27 37 30 2: 
12 11 4 24 9 25 53 28 73 32 19 51 23 1' 
1 5 0 15 4 27 59 8 72 6 3 20 13 1' 
12 21 0 10 0 27 59 8 72 7 16 64 26 11 
5 22 1 4 7 18 54 23 20 64 21 27 27 Zi 

r. 
butter 
20 21 
1 
; 22 23 24 25 26 27 28 29 30 Mean 
29 29 83 48 565 114 89 154 593 789 274 110.8 
32 32 61 47 645 85 151 108 451 680 267 100.6 
24 27 83 60 574 105 140 103 373 680 248 94.7 
10 10 12 16 138 39 25 5 63 89 88 21.0 
27 12 27 34 302 57 55 34 114 458 210 51.7 
28 25 60 54 532 82 125 113 186 593 248 78.6 
21 12 61 27 159 72 55 20 51 346 194 41.4 
30 22 78 44 489 105 87 141 230 728 247 87.4 
23 14 81 45 505 94 89 140 478 416 240 83.6 
13 17 7 5 409 99 27 2 44 145 68 35.9 
26 18 60 45 409 99 84 100 634 674 243 91.4 
27 28 58 46 521 85 138 114 246 511 251 77.7 
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prior to filtering was adjusted to pH 7.5. These results 
are in agreenent v/ith those secured by Parfitt^^^^ who found 
that whey agar prepared from v/hey which was secured by acid 
coagulation of the milk at pH 4.6 gave higher yeast and mold 
counts than whey agar prepared from whey v/hich was obtained 
by rennet coagulation, the pH being adjusted at filtering to 
pH 6.8, Bacto whey agar gave a mean coxmt of 41.4, which 
approaches the mean yeast and mold count obtained on v/hey 
agar prepared from whey filtered at pH 6.8, Bacto whey agar 
gave higher counts on two samples of butter than potato dex­
trose agar. The differences between the counts obtained on 
samples of butter when plated on Bacto whey agar and on 
potato dextrose agar vary widely. With samples 14 and 19 the 
differences in yeast and mold coxmts upon the whey agars and 
upon potato dextrose agars are slight, v/hile with samples 16 
and 27 the differences are large. These results indicate 
that whey does not malce a favorable base for a medium to be 
used in counting yeast and molds in butter. 
The mean yeast and mold count of tomato juice agar was 
87.4. Eight samples of butter gave higher yeast and mold 
cotints upon tomato juice agar than upon potato dextrose agar. 
The mean yeast and mold count that was obtained for 
samples of butter plated upon 5 per cent dextrose nutrient 
agar v/as 85.6, and there were five samples of butter which 
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gave hLgher coimts upon this medim than upon potato dextrose 
agar. 
Of the media studied beef infusion was next to the poor­
est in supporting yeast and mold growth, the mean count 
heing 35.9. One sample of butter gave a higher yeast and mold 
count upon 2 per cent dextrose beef infusion agar than upon 
potato dextrose agar. Four samples of butter gave no growth 
upon the miadiiim prepared from beef infusion, while upon 
potato dextrose agar the counts on the same samples ranged 
from S to 18. With butter sample number 27 the yeast and 
mold count per 0,1 ml. of butter was 2, on beef infusion 
medium upon potato dextrose agar it was 154, and upon tomato 
juice agar it was 141; in contrast to this, butter sample 
number 14 gave a count of 59 upon beef Infusion medium which 
equals the count on potato dextrose agar. 
The mean count upon Bacto wort agar was 91.4 and upon 
Bacto malt agar it was 77.7. On 14 of the 30 samples of butter, 
Bacto wort agar gave the higher count of the two media, and 
Bacto malt agar on. 13 sauries, vitille with 3 there was no dif­
ference, Samples of butter 17 and 28 shovr that not all yeasts 
and molds grow equally well on these two media. In comparison 
with potato dextrose agar, Bacto wort agar gave higher counts 
on but 3 of the 30 samples of butter analyzed. 
In order further to test the sisnlflcanoe of the effect 
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of medium upon, yeast and mold count, the 30 samples of butter 
were divided into three groups as follows: Group 1, in which 
there are 11 low cotint samples; Group 2, in which there are 
12 samples \Yhose mean counts on all media fell approximately 
midway between the low and high count samples; and Group 3, 
in which there are 7 high count samples. The results of these 
groups are shown in Table 2, 
The range in the mean yeast and mold counts per 0,1 inl, 
of the low count sam.ples of butter vv'as from 3,0 upon whey agar 
prepared from whey filtered at pH 7.5 to 10.0 upon potato 
dextrose agar. The mean yeast and mold counts per 0.1 ml. in 
median count samples of butter raiaged from 14,0 upon whey agar 
prepared from rihey filtered at pH 7.5 to 53.1 upon potato 
dextrose agar, Tlie mean yeast and mold counts per 0.1 ml. on 
the high count samples of butter varied from 65.9 upon v/hey 
agar prepared from whey filtered at pH 7.5 to 368.3 upon 
potato dextrose agar. 
The grouping of the 30 samples of butter into low, 
median and high count groups shov;s that the various media 
rank in about the same order within each group. This grouping 
is shown in Table 3 in vdiich the media are ranked in the 
order from high to low count. 
Table 2 
Influence of the meditaa upon the yeast and mold oount of butter, 
Samples of butter grouped according to mean count 
Medim 
11 Low Count 
Samples 
12 Median Count 
Samples 
7 High Count 
Samples 
Potato dextrose agar 10.0 53.1 . 368,3 
Potato dextrose agar (Weiser) 8.1 40.8 341.0 
Bacto potato dextrose agar 8.2 43.0 317.6 
Whey agar (v/hey pH 7.5) 5.0 14.0 65.9 
VJhey agar (whey pH 6.8) 4.6 21.6 175.7 
•Whey agar {whey pH 5,5) 7,1 29.4 268,4 
Bacto T7hey agar 4.5 22,8 181.4 
Tomato juice agar 3.5 43.7 289.6 
5^ dextrose nutrient agar 9.2 43.2 280.3 
2^ dextrose beef infxision agar 3.5 20.2 113.4 
Bacto wort agar 7.3 37,4 320.4 
Bacto malt agar 4.6 34,0 266.6 
Table 5 
Influence of medium upon the yeast and mold couno of butter. 
Ranking of medium according to mean count \Tithin each group 
Medium 
Low Count 
Samples 
Median Count 
Samples 
Hi^ Count 
Samples 
Potato dextrose agar 1 1 1 
Potato deztrose agar (';7eiser) 5 5 2 
Bacto potato dextrose agar 4 4 4 
Y.Tiey agar (whey pH 7.5) 12 12 12 
Ylhej agar (whey pH 6,8} 9 10 10 
?7hey agar (whey pH 5.5) 7 8 7 
Bacto whey agar 10 9 9 
Tomato juice agar 3 2 5 
5^ dextrose nutrient agar 2 3 6 
2^ dextrose beef infusion agar 11 11 11 
Bacto wort agar 6 6 3 
Bacto malt agar 8 7 8 
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B. Comparison of Baoto dextrose nutrient agar and 
dertrose nutrient agar upon the yeast and mold 
count of "butter. 
\\1iite ^ ^ fovuid that 2 per cent dextrose nutrient agar 
was equal to Bacto malt agar in supporting the growth of the 
yeasts and molds foxind in butter. These results are not in 
agreement Tdth those of Parfitt^^^^ v/ho reported that 5 per 
cent dextrose nutrient agar was not equal to Bacto malt agar 
in the enumeration of the yeasts and molds in butter. V;hite 
in his work used Bacto dextrose nutrient agar, while Parfitt 
\ised dextrose nutrient agar prepared in the laboratory from 
Bacto products. 
In order to compare 2 per cent dextrose Bacto nutrient 
agar with 2 per cent dextrose nutrient agar made in the 
laboratory from Bacto products for the counting of yeasts 
and molds in butter, 23 samples of Indiana butter were plated 
on these media and also as controls upon Bacto malt agar and 
potato dextrose agar. The counts secured are given in Table 
4. 
The mean yeast and mold count secured on the Bacto 
dextrose nutrient agar was 235,6; on dextrose nutrient agar 
prepared in the laboratory it was 228.3. Of the 23 samples 
of butter anal,yzed, 11 gave higher counts when the dehydrated 
product was used as the medium and 9 when the niedium prepared 
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Table 4 
Comparison of Bacto nutrient agar and nutrient agar 
prepared in the laboratory upon the yeast and mold 
count of butter using as controls Baoto malt agar and 
potato dextrose agar. 
Results expressed as the average count per ml. of butter 
Sample dextrose Z'fa dextrose Bacto Potato 
of Bacto nutri­ nutrient malt dextrose 
Butter ent agar agar agar agar 
1 70 60 70 70 
2 40 50 80 70 
3 130 90 50 160 
4 1530 1560 1070 1800 
5 110 450 540 340 
6 60 50 30 260 
7 280 292 130 160 
8 110 40 140 60 
9 80 60 50 50 
10 120 30 60 70 
11 250 60 280 340 
12 110 10 40 110 
13 50 91 70 100 
14 20 30 30 50 
15 160 160 310 260 
16 0 0 10 10 
17 330 350 420 280 
18 180 160 220 130 
19 0 0 40 50 
20 1010 1060 1370 1250 
21 80 40 40 30 
22 220 260 250 290 
23 480 350 510 450 
Mean 235.6 228.3 252.6 277.8 
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in the laboratory was used, while the remaining three samples 
showed no difference. 
The mean yeast and mold count secured on potato dextrose 
agar was 277.8; on Bacto malt agar it was 252.6. Potato 
dextrose agar gave the higher count on 11 samples, and Bacto 
malt agar gave the higher count on 9 samples; in the remain­
ing three samples there was no difference in count. In 
comparing potato dextrose agar vdth Bacto dextrose nutrient 
agar, higher counts were obtained on 13 samples of butter 
when potato dextrose was used as the medium, and on eight 
samples the higher count was secured on Bacto dextrose 
nutrient agar, the remaining two samples showing no difference 
in coxmt. 
C. Influence of the addition of peptone to whey 
agar upon the yeast and mold count of butter. 
In order to compare whey agar made with peptone and whey 
agar made without peptone for yeast and mold counts on butter, 
six samples of butter from six Indiana centralizer creameries 
were plated on these media, the whey used being secured by 
rennet coagulation and the pH of the whey at filtering being 
6.8. Potato dextrose agar and Bacto malt agar were used as 
controls. The coxints obtained are given in Table 5. 
The mean yeast and mold count on whey agar containing 
0.5 per cent peptone was 51.3; on whey agar containing no 
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Table 5 
The influence of the addition of 0»5 per cent peptone 
to \iiey agar upon the yeast and mold comt of butter. 
Results expressed as the average comit per 
plate containing 0.1 ml. of butter. 
Meditm 
Sample 
of 
Butter 
Whey agar 
/ 0.5^; 
peptono 
V/hey 
agar 
Bacto 
malt 
agar 
Potato 
deztros e 
agar 
1 168 212 296 346 
S 6 8 17 86 
3 0 1 0 9 
4 4 8 8 9 
5 10 14 18 52 
6 ISO 170 140 250 
Mean 51.3 68,9 79.7 125.2 
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peptone it was 68,9. The addition of 0.5 per cent peptone 
resiilted in a lower yeast and mold count on all the samples 
of butter studied. The greatest difference between the two 
media was 50 yeast and mold colonies per plate and the 
smallest difference was one colony. Potato dextrose agar and 
Bacto malt agar gave means of 1S5.2 and 79.7 respectively. 
The counts obtained vrLth potato dextrose agar were always, 
and those vd.%h the Bacto malt agar usually, higher than the 
counts obtained vvith either of the whey media. 
To procure more information on the effect of peptone 
in a wliey base medium on the growth of yeasts, -Rtoey broths 
were prepared containiiag no peptone, 0.5 per cent peptone, 
and 1,0 per cent peptone. Potato dextrose broth was used as 
a control. The sterile broths in flasks were acidulated to 
pH 3.5 - 0»1 and tubed under aseptic conditions. Dilutions 
of T. cremoris. T. sphaerica. Pink B and Liquefier B were 
prepared in water and inoculated into the broths. Growth was 
determined after five days* incubation at 21 - 25° C.by 
streaking approximately 0.005 ml. of the broth from a well 
shaken tube upon potato dextrose agar. The yeast Pink B 
failed to grow in the whey broths even when inoculated heavily 
v;ith cells, but grew in potato dextrose broth even when 
inociilated lightly. The addition of peptone in 0.5 and 1.0 
per cent quantities did not increase the suitability of the 
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whey "broths for the growth of T. cremorls or T. sphaerlca, 
but did increase the suitability for the growth of Liquefier 
B. In none of the trials did the growth of the yeasts in 
the whey broths with or ivithout peptone exceed the growth in 
potato dextrose broth. 
D. Influence of low concentration of whey in 
whey agar upon the growth of yeasts. 
Whey agar prepared by rennet coagulation, as given in 
the first report of the committee on methods for the micro­
biological analysis of butter^^*^^ , did not give so high a 
yeast and mold count as did Bacto \i4iey agar^^^^. The buffer 
capacity of the Bacto product was found to be less than that 
of whey agar prepared In the laboratory. Since the buffer 
capacity of the medium may be a limiting factor of growth, 
it was deemed advisable to determine the effect of using 
only small amounts of whey in the preparation of whey agar 
on the growth of yeasts. 
Two batches of whey agar, the pH of which at filtering 
was 6.8, were prepared; in one, T\4iey(as obtained by rennet 
coagulation of fresh sikimmed milk) was the only liquid used, 
while the other contained 20 per cent whey and 80 per cent 
distilled water. Peptone was added to each batch in the 
proportion of 0«5 per cent. 
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The btiffer capacity of the normal whey agar was 2.67 
times that of the diluted whey agar, normal whey agar requir­
ing 16.0 ml. of 5 per cent tartaric acid to reduce 100 ml. of 
medium from pH 6,6 to pH 3.5, as compared with 6.0 ml. for 
the diluted whey agar. 
Dilutions were prepared from pure cultures of 10 canraon 
white yeasts viiich had heen isolated from samples of butter. 
Definite amounts (0.01 ml.) of the dilutions were smeared over 
a definite area of the two media, which prior to pouring had 
"been acidulated to pH 3,5t o«l with tartaric acid and v/ith 
lactic acid. The plates were then incubated and the growth 
upon the normal whey agar compared with that upon thie diluted 
whey agar. 
Table 6 gives the extent of growth obtained. None of 
the 10 yeasts studied grew as well on the diluted whey agar 
as on the undiluted. Upon the diluted whey agar the growth 
was slightly better when lactic acid vias used as an acidulant 
than when tartaric acid was used, but on the normal whey agar 
the acid used had no apparent influence on the growth. 
E. Growth of yeasts and molds in media 
of known composition. 
A synthetic medium that would support a good growth 
of yeasts and molds woxLld be very useful because it could be 
prepared more uniformly than one requiring \inlaiown plant or 
Table 6 
Influence of low concentration of whey in whey agar 
upon the growth of yeasts. 
Extent of growth 
Teast Tartaric acic . as acidulant Lactic acid as acidulant 
100^ whey agar 20^ vSiey agar 100% whey agar 20^ whey agar 
1  ^^  i i / / / / / / / / / 
S / / / / / / / / / / / / 
S / / / / / / / / / / 
4 / / / / / / / / / / / / / / / 
5 / / / / / / / / / / / / / / 
6 / / / / / / / / / / / / / 
7 / / / / / / / / / / / / / / 
8 / / / / / / / / / / / / / / 
9 / / / / / / / / / / / / / / 
10 / / / / / / / / / / / / / 
//// = excellent groiYth 
// s fair grov7th 
s good growth 
•f « poor growth 
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animal extracts. 
5^llmer and Grimes suggested a synthetic medium for 
the growth of ysasts. This medium consists of distilled 
water containing 0,188 per cent emmonium chloride, 0.1 per 
cent dipotassium phosphate, 0.1 per cent calcium chloride, 
0,1 per cent dextrose, and 1.5 per cent agar agar. Pre­
liminary platings having "been made with this medium, it was 
found after an incuhation period of 5 days that the yeast 
and molds colonies were extremely small. In order to attempt 
to increase the colony size of yeasts and molds when growing 
on this medium, the medium was modified "by the following 
additions: (a) 0.1 per cent asparagin, (b) 0.5 per cent 
hydrolyzed casein, and (c) 0.5 per cent soluble potato starch. 
The media were acidulated to pH 3.5, Twelve samples of 
butter were plated using the Fulmer-Grimes medium and the 
three modifications; potato dextrose agar was used as a con­
trol. The counts secured are presented in Table 7. 
The mean yeast and mold count on the Fulmer-Grimes 
synthetic medium was 139.4. The addition of 0.1 per cent 
aspiaragin to this medium gave a mean yeast and mold coxmt of 
148.3; the addition of 0.5 per cent hydrolyaed casein gave a 
mean count of S04.5; the addition of 0.5 per cent soluble 
starch increased the mean count to S14.8. The mean yeast and 
mold count on potato dextrose agar was 259.6. 
Y 
Resul 
Sampl 
of 
Butte 
1 
3 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Mean 
Table 7 
t and mold counts secured on Fulmer-Grimes agar and its modifications, 
expressed as the average number of yeasts and molds per 0.1 ml. of butter 
•Medittim 
Fulmer-
Grimes 
Fulmer-Grimes / 
QmVfd asparagin 
Fulmer-Grimes ^  
0.5^ hydrolyzed 
casein 
Fulmer-Grimes / 
0,5^ soluble 
starch 
Potato 
dextrose 
agar 
251 
802 
184 
940 
251 
976 
263 
984 
332 1 
oi 
1150 w 
0 0 511 525 603 
0 1 0 26 47 
0 0 0 3 3 
0 0 0 6 6 
423 441 482 424 602 
3 9 6 15 11 
27 31 42 76 61 
0 0 0 2 0 
0 0 0 19 23 
167 173 186 229 278 
139,4 148.3 204.5 214.2 259.6 
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Ilie yeast and mold colonies on tiie Fulmer-Griines medium 
and its modifications were small, the colonies appearing not 
large enough to be counted with the nalced eye. ^?hen only a 
few colonies y/ere on a plate and the plate was of low "butter 
dilution, so tliat it contained nxxmerous fat globules, con­
siderable difficulty was experienced in differentiating between 
fat globules and yeast and mold colonies; the difficvilty was 
so great that the use of the Fulmer-Grimes medi\im for deter­
mining the yeast and mold count of butter was not practical. 
Butter sample number 3 contained only pink yeasts. 
These yeasts failed to grow in the Fulmer-Grimes mediim and 
also when 0,1 per cent asparagin was added, but on the addi­
tion of 0,5 per cent hydrolyZjd casein or 0«5 per cent 
soluble starch, the number of colonies approached the count 
secxired on potato dextrose agar. 
In order to secure infomation as to the effect of 
acidity and the kind of acid used to acidulate on the growth 
of yeasts on Ftilmer-Grimes medium, ten yeasts isolated from 
butter were streaked upon the surface of this medium, which 
had been adjtisted to three pH levels vri.th each of five acids; 
the acids were tartaric, lactic, citric, sulphuric and hydro­
chloric. After an incubation period of 5 days at 21 - 25° 
Cy the yeast growth on the svirface of the agar was compared; 
the results secured are given in Table 8. 
Table 8 
Growth of yeasts on Fulmer^-Grimos sjmthetic agar as 
influenced by the acidity of the medium and the acidulant. 
Acidulant Comparative growth of the 10 yeasts 
Tartaric 
aoid 
pH 6.72 
Growth scant 
pH 4.20 
. Growth scant, but 
slightly better 
than pH 6,7S 
I)H .3.5 
Same as at 
pH 4.20 
Lactic 
aoid 
pH 6.72 
Growth scant 
pH 4.10 
Growth scant, but 
slightly better 
tlmn pH 6.72 
pH 3.5 
Same as at 
pH 4.10 
Citric 
aoid 
pH 6,73 
Growth scant 
pH 4.30 
Growth scant, but 
Slightly better 
than pH 6.78 
pH 3.5 
Same as at 
pH 4.30 
Sulphuric 
acid 
pH 6,7S 
Growth scant 
pH i3,8 
Growth scant, but 
slightly betters 
than pH 6.72 
pH 3.5 
Same as at 
pH 3.8 
Hydro­
chloric 
acid 
pH 6.7S 
Growth scant 
pH 5.8 
Growth scant, but 
slightly better 
than pH 6.72 
pH 3.3 
Same as at 
pH 3.8 
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Slightly better growth was seciarod when the pH was in 
the vicinity of 4.0 to 3.5 than when at 6.72, hut in all oases 
the growth was scant and the largest colonies were about 0.5 
ram. in diameter. The acids used did not affect the growth or 
colony size of the yeasts. The yeast Pink B failed to develop 
pigment when grown on the Fulmer-Grimes rosdium or its modifi­
cations. 
The Digestive Ferments Company prepared a "synthetic 
malt agar" viiich had the follop/ing composition: 1.275 per 
cent technical maltose, 0.275 per cent dextrin, 0.235 per 
cent glycerol C.P., 0.078 per cent Bacto peptone, 1.500 per 
cent agar agar, and distilled water. This medium is supplied 
as a substitute for Bacto malt agar; according to its makers 
it has the essential nutritive Ingredients of malt extract 
agar. In order to determine its value as a mediura for the 
enumeration of the yeasts and molds in butter, 12 samples of 
butter secured from three Indiana creameries were plated on 
it. Potato dextrose agar and Bacto malt agar were used as 
controls. Table 9 gives the yeast and mold count per ml. of 
butter. 
The rason yeast and mold count on Baoto synthetic agar was 
28.0, on potato dextrose agar it was 21,9, and on Bacto malt 
agar it was 22.8. Seven samples of butter gave higher counts 
upon the Bacto synthetic malt agar than upon the potato dextrose 
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Table 9 
yeast and mold counts secured on Bacto synthetic 
malt agar, potato dextrose agar and Bacto malt agar. 
Results expressed as the average number 
of yeasts and molds per ml. of butter 
Medi um 
Sample 
of 
Butter 
Bacto synthetic 
malt agar 
Potato dextrose 
agar 
Bacto malt 
agar 
1 78 59 61 
2 43 26 27 
3 65 55 64 
4 87 65 63 
5 4 16 3 
6 11 5 11 
7 4 8 7 
8 0 0 0 
9 7 5 3 
10 24 5 19 
11 8 15 12 
12 5 6 4 
Mean 28.0 21.8 22,8 
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agar, and eight samples gave higher counts upon the Bacto 
synthetic agar than upon Bacto malt agar. The colonies on 
the Bacto synthetic agar were small, and magnifications of 
20 times were necessary to distinguish the colonies from the 
fat globules. The yeast and mold counts secured upon i>otato 
dextrose agar and upon Bacto malt agar were obtained without 
magnification. The magnification used with Bacto synthetic 
malt agar may account in part for the higher coxints secured 
upon this medium. 
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Part 2 
IN5LUENCE OF VARIATIONS IN COIVDPOSITION AND IN Iv!iETHODS 
OF PREPARATION OF POTATO DEXTROSE AGAR UPON THE YISAST 
AND MOLD COUNT OF BUTTER. 
Introduction 
The Influence of variations in the composition and in 
the method of preparing potato dextrose agar upon the yeast 
and mold count of butter was studied in a series of trials. 
Potato dextrose agar was Investigated for, in the work 
reported in Part I, it was found to be -the most suitable 
medium for determining the yeast and mold count of butter. 
Before a medium containing plant extracts can be recommended 
for the routine analysis of butter for its yeast and mold 
count, the effect of variations in composition, due to 
various factors, should be studied. 
Experimental 
A. Influence of the source of the potatoes on 
the yeast count upon potato dextrose agar. 
In order to secure information on the effect of the 
source of the potatoes used in preparing potato dextrose agar 
on the growth of yeasts, two batches of the medium were pre­
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pared using the regular forraula. Batch 1 and Batch 2 con­
tained an infusion of potatoes grovm in Indiana and in Idaho, 
respectively. The Indiana potatoes were of medium size and 
egg-shaped; the Idaho potatoes v/ere large and ohlong. After 
balcing, the interior of tlie Indiana potatoes was dark in . 
color and not mealy, -wiiile that of the Idaho potatoes re­
mained white in color and was mealy. These tv/o lots of 
potatoes were selected because they represented extreme typos. 
The media were acidulated and Dised in plating suspensions in 
water of various yeasts that are more or less common in 
"butter. After incubation, the plates were counted; the data 
obtained are presented in Table 10. 
The mean yeast and mold count per ml, of suspensions of 
the seven yeasts was 394.9 upon potato dextrose agar prepared 
from potatoes gro;"!!!! in Indiana and 394.6 upon potato dextrose 
agar prepared from potatoes grown in Idaho, In four of the 
dilutions cxf yeasts there were no significant differences in 
the counts secured with the two media; two yeasts, Saoc. 
cerevistae and T. cremoris, gave higher counts on the agar 
prepared from Idaho potatoes and Common white P gave a higher 
count on the medium prepared from Indiana potatoes. 
The kind and original source of potato had no appreciable 
effect on the number of yeast colonies developing upon 
potato dextrose agar. Colony size was recorded and no differ-
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enoe foima, Indicating that the essential ingredients 
necessary to initiate and support yeast growth was contained 
in "both types of potatoes. 
B. Influence of amount of potato from which the 
infusion is prepared upon the yeast and mold 
count obtained on potato dextrose agar. 
In order to determine the effect of variations in the 
amounts of potatoes used in preparing the infusion upon the 
ability of poteto dextrose agar to initiate and support the 
growth of yeasts in butter, comparisons of media prepared 
with different amounts of potato were made. 
Three batches of potato dextrose agar were prepared. 
In Batch 1, an infusion from 100 grams of potatoes per liter 
v/as used, in Batch 2, an infusion from 200 grams of potatoes 
per liter, and in Batch 3, an infusion from 400 grams of 
potatoes per liter. These media were then acidulated and 
suspensions in water of cultures of seven yeasts were plated. 
The counts secured are tabulated in Table 11. 
Potato dextrose agar prepared from an infusion of 400 
grama of potatoes per liter gave a mean yeast count of 
401.1; when prepared from an infusion of 200 grams of 
potatoes the mean count was 394.3 and when prepared from 
an infusion of 100 grams of potatoes the mean count was 350.7. 
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Table 10 
Influence of the source of the potatoes used 
in the preparation of potato dextrose agar up­
on the yeast count. 
Comat per ml. of suspension 
upon potato dextrose agar 
prepared from 
Yeast used Indiana Idaho 
potatoes potatoes 
Liquefier B 650 667 
T. sphaerica 370 387 
Pink B 770 745 
Common white S 186 182 
Sacc. cerevisiae 185 202 
T. cremoris 178 206 
Common vitoit© P 425 373 
Mean 394.9 394.6 
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Table 11 
Influence of the amount of potatoes used in the 
preparation of potato dextrose aganjpoi the yeast 
count. 
Counts per ml, of suspensions upon 
potato dextrose agar prepared from 
infusions containing: 
Yeast used 
grams of potatoes per liter 
100 200 400 
Liquefier B 682 666 715 
T. sphaerica 212 387 426 
Pink B 673 754 814 
Common white P 132 182 168 
Sacc. oerevisiae 220 201 215 
T. cremoris 153 206 176 
Comnion white S 383 373 294 
Mean 350,7 394.3 401.1 
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Tliere was no consistent trend within individual suspensions 
of yeast to giYe lower counts upon the medium containing lower 
than normal infusions of potatoes (100 grams), or to give 
higher counts upon the medium containing greater than normal 
(400 grams). 
The colony size was larger on the medlxxm containing an 
Infusion of 400 grams of potatoes than upon the media contain­
ing an infusion of 100 or 200 grams of potatoes. Upon the 
medium containing an infusion of 100 grams of potatoes the 
colonies were so small that it was difficult to count them 
without the aid of a lens. The difference in colony size on 
the media containing 100 and 200 grams of potatoes was much 
greater than the difference on the media containing 200 and 
400 grams of potatoes. 
Fifty-one samples of butter from four Indiana central!zer 
creameries were plated on potato dextrose agar prepared by 
infusing 200 grams of potatoes per liter and also on potato 
dextrose agar prepared by infusing 400 grams of potatoes per 
liter. The yeast and mold counts obtained are presented in 
Table 12, 
The mean yeast and mold count seciired when the 51 samples 
were plated upon potato dextrose agar prepared from an infusion 
of 200 grams of potatoes per liter vras 319.2 and when plated 
upon potato dextrose agar prepared from an infusion of 400 
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grains of potatoes it was 337.8; this difference in meem 
counts is not {jreat enou^ to be of significance. Thirty-
three samples gave higher counts on "the medium containing 
an infusion of 400 grams of potatoes, 16 gave hi^er counts 
on the medium containing an infusion of 200 grams of 
potatoes, and with tv/o tliere was no difference in the counts. 
The difference betv/een counts obtained upon infusiojis 
of 400 and 200 grams of potato were greater when butter 
samples were plated than when pure cultures of yeasts v;-ere 
used; the colonies were larger on the medium containing the 
infusion of 400 grams of potatoes than on that containing 
the infusion of 200 grams of potatoes. 
0. Influence of the addition of salts to potato 
dextrose agar upon the yeast and mold count. 
ytilmer and Grimeshave suggested a medium containing 
inorganic salts for tlie growtli of yeasts. In order to deter­
mine the effect of the addition of these salts to potato 
dextrose agar the following study was undertaken. 
Two batches of potato dextrose were prepared, one by 
infusing 200 grams of potatoes per liter and the otiier by 
infusing 40 grams of potatoes per liter. These media were 
used with and without the salts suggested by Juljner and Grimes 
Table 12 
Influence of amount of potato used in preparing 
potato dezrtrose agar upon the yeast and mold count. 
Sample 
of 
Butter 
Yeast and mold eount per ml. 
on agar Dreuared with 
200 grs. potatoes 
per 1. 
400 grs. potatoes 
yer 1. 
1 0 20. 
S 150 280 
s 300 460 
4 170 510 
5 160 190 
6 90 60 
7 40 30 
8 40 no 
9 50 no 
10 250 120 
11 20 20 
12 90 20 
IS 10 20 
14 20 so 
15 440 510 
16 430 530 
17 350 430 
18 4S0 480 
19 270 330 
20 390 350 
21 460 510 
22 370 520 
23 1390 nso 
24 40 50 
25 370 360 
26 340 280 
27 20 90 
28 100 no 
29 840 780 
30 420 440 in e;An 380 
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(0.188 per cent ajmaonlina chloride, 0.10 per cent dipotasslum 
phosphate, and 0.10 per cent calcium chloride). 
The addition of the salts increase the buffer capacity 
of the media. The medium prepared by infusing 200 grams of 
potatoes required S.6 ml. of 5 per cent tartaric acid per 100 
ml. of medium to acidulate to pH 3.5 0.1; the same medium 
with the salts added required 6 ml. of 5 per cent tartaric 
acid to aoidxilate. The medium prepared by infusing 40 grams 
of potatoes required 1.0 ml. of 5 per cent tartaric acid per 
100 ml. of medium to acidulate, and when the medium contained 
the salts, 4.0 ml. of 5 per cent tartaric acid were required. 
The yeast and mold counts secxired on butter with the 
various media are given, in Table 13. 
The mean yeast and mold count per ml. of butter upon 
potato dextrose prepared from an infusion of 200 grams of 
potatoes was 98.1; when the salts stiggested by Fixlmer and 
Grimes were added it was 99.8. The addition of the salts 
increased the count in four saisples of butter, while sis 
samples of butter had higher yeast aM mold coiints on the 
medium to isiiioh no salts were added. The mean yeast and 
mold count per ml. of butter with the medium prepared from 
an infusion of 40 grams of potatoes was 95*2; when the salts 
were added it was 95,3. Seven samples gave hi^er yeast and 
mold counts when the salts were added to the medium and 
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Table 13 
Yeast and mold counts of butter, using potato 
dextrose agar with and without the addition of 
salts. 
Yeast and mold co\mt per ml. of butter 
on potato dextrose agar containing per 
liter: 
Sample 
of 
Butter 
200 grams 
potato 
200 grams 
potato / 
salts 
40 grams 
potato 
40 grams 
potato / 
salts 
1 184 172 194 162 
2 199 256 192 195 
S 2 1 0 1 
4 221 220 202 227 
5 37 42 39 41 
6 46 40 41 43 
7 17 19 18 16 
8 43 48 40 41 
9 121 106 125 112 
10 111 94 101 115 
Mean 98,1 99.8 95.2 95.3 
-5S~ 
and three gave higher cotints without the salts. 
The increase in buffer capacity, due to the addition 
of the salts, did not affect the grov;th of yeasts and molds 
on potato dextrose agar in the trials carried out, nor was 
any advantage secured in count "by the addition of the salts 
suggested by Fulmer and Grimes. 
D. Influence of the addition of brom phenol blue 
to potato dejctrose agar upon the yeast and 
mold count. 
The addition of brom pheaol blue to the medium used for 
plating has tv;o principal advantages, (a) It determines 
accuracy of acidulation to pH 3,5- 0.1; at pH 3.5 brom 
phenol blue is a yellow green and in potato dextrose this 
shade of color is easily recognized, (b) Some yeast colonies 
absorb the dye, making counting easier, especially on plates 
shov/ing heavy mold growth. 
Because of these advantages and in order to determine 
whether or not the addition of brom phenol blue inhibited 
the development of yeasts and molds, dilutions of cultures 
of yeasts (in water) and also samples of butter from Indiana 
centralizer creameries were plated, using potato dextrose 
agar and potato dextrose agar with the addition of 1 ml. of 
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a 0.5 per cent aqueous solution of brom phenol blue to 
100 ml, of meditoQ. The counts obtained are given in Tables 
14 and 15, 
The mean count from plating dilutions of seven yeasts, 
isolated from dairy products, on potato dextrose agar con­
taining 0,005 per cent of brom phenol blue, was 355.£; v;hen 
the medium contained no brom phenol blue the mean count was 
401.7. Two yeasts, Ca)imnon white yeasts S and P, gave 
higher counts when the medixjm contained brom phenol blue, 
while the remaining yeasts gave higher counts on the medium 
containing no brom phenol blue. 
The mean yeast and mold count per 0.1 ml. of butter 
when the 20 samples were plated on potato dextrose agar 
containing 0.005 per cent of brom phenol blue was 37.7, and 
on the meditm without brom phenol blue it was 37,5. Higher 
yeast and mold counts were secured with 14 samples on the 
potato dextrose agar containing brom phenol blue than on the 
medim containing no brom phenol blue, but the difference 
is within the probable limits of error of plating. The data 
obtained indicate that 0.005 per cent of brom phenol blue 
did not retard or inhibit the growth of the yeasts and molds. 
In some cases counting was simplified when the dye had 
been added to the medium, especially if molds were present, 
for by inverting the plate it was possible to count the yeast 
54. 
Table 14 
Influence of the addition of brom phenol blue 
on the growth of yeasts in potato dextrose agar, 
Yeast coimt per 0.001 ml. of 
suspension on medium containing 
Yeast Used 
0.005fi brom 
phenol blue 
No brom 
phenol blue 
Common white S 495 466 
Common white "XB 634 688 
Common white B 436 518 
Pink B 408 519 
Common white P 226 207 
T. sphaerica 165 285 
Liquefier B 122 129 
Mean 355.2 401.7 
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Table 15 
Influence of the addition of brom phenol blue on the 
growth of yeasts and molds in potato dextrose agar. 
Sample 
of iButter 
Yeast and mold count per ml. of 
butter on medium containing 
0.005?^ brom 
phenol blue 
No brom 
phenol blue 
1 52 44 
2 49 43 
3 36 35 
4 43 42 
5 35 27 
6 24 39 
7 60 46 r- 19 37 g 149 139 
10 3 4 
11 29 37 
12 36 34 
13 3 S 
14 11 10 
15 79 84 
16 12 30 
17 29 23 
18 9 9 
19 24 23 
20 52 42 
Mean 37.7 37.5 
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colonies under the mold colonies, because of the dye absorp­
tion by the yeasts. On plates which contained considerable 
fat there was no distinct advantage in the use of the dye; 
in the presence of fat the absorption of the dye by the yeast 
colony was apparently retarded and the colonies did not 
appear so distinct as tehen no brom phenol blue was used, 
although they could easily be distinguished from the fat. 
E. Influence of the method of preparing the 
potato infusion upon the yeast count. 
Two methods of preparing potato dextrose agar were 
studied. Method A was the usual method as described in 
general methods. In method B, the sliced potatoes, distilled 
water, dextrose and agar agar were placed in a flask in the 
same proportions as in method A and autoclaved for 30 minutes 
at 15 pounds steam pressure, filtered through cotton and 
then dispensed into flasks and sterilized by autoclaving. 
Tlie latter method is easier and less time-consuming than the 
farmer and is better suited to routine laboratory proced\ire. 
A suspension in water of each of 14 yeasts, which had 
been isolated from butter, was prepared and plated, using 
potato dextrose agar prepared by the two methods described. 
The counts obtained are given in Table 16. 
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Table 16 
Influence of the method of preparing the 
potato infusion upon the yeast count. 
Yeast Used 
Counts per ml. of suspension upon 
potato dextrose agar prepared by 
Method A Method B 
1 650 541 
2 370 416 
3 770 568 
4 186 180 
5 185 175 
6 178 158 
7 425 380 
8 667 609 
9 387 454 
10 745 832 
11 182 172 
12 202 225 
13 206 186 
. 14 373 315 
Mean 394.7 372,2 
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"The mean yeast cotint per ml. of suspension npon potato 
agar prepared accarding to llethod A, tlie recommended method, 
was higher than upon the potato dextrose agar pi-epared aocord-
iiii^ to Method B; the-moan counts v;ere 394.7 and 372.2 respec­
tively. Potato dextrose agar prepared according to Method A 
gave higher counts with 10 yeasts tten did llethod B, and the 
reverse was true for the medium lorepared by Method B with 
four jiBasts. The effect of the method of preparation of 
potato dextrose agar, as exhibited by the results secured, is 
slight and probably within the limits of error of the teclmique, 
but favors the method which was used in all of the previotis 
work, 
P. Influence of heating potato infusion in the 
preparation of potato dextrose agar upon the 
yeast and mold count of butter. 
iJi infusion of 400 grams of potatoes in 1 liter of dis­
tilled water v/as prepared by permitting the sliced potiitoes 
to remain in contact v;ith the water for 24 hoixrs at about 
5° C» The potato infusion was filtered through a Handler 
filter (control plates showed tliat yeasts and molds were 
removed). A S per cent agar solution containing 4 per cent 
dextrose was prepared and sterilized, cooled to 50° C. and 
mixed aseptically in. equal proportions with the vuaheated 
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potato infusion. This mediimi vaB then acidulated and yeast 
and mold coxmts were made on 10 samples of Indiana "butter. 
The same samples were plated using potato infusion prepared 
in the USU8.1 manner. The yeast and mold counts secured are 
presented in Table 17, 
The mean yeast and mold count obtained upon the potato 
dextrose agar prepared from potato infusion which was not 
heated was 87.4 per ml. while upon the medium prepared by 
boiling the infusion it was 98.1. Seven samples of butter 
gave higher yeast and mold counts upon the medium prepared 
from the infusion \^iiioh was heated than upon the medium pre­
pared from the unheated infusion, v^ile for two samples the 
reverse was true. This difference is slight, although in 
favor of heating the infusion, which is the routine method 
of preparing potato dextrose. These data indicate the 
boiling of the potatoes for one hour to obtain the infusion, 
the autoclaving for 30 minutes in order to suspend the agar, 
the filtering and the sterilizing, does not destroy substances 
which enhance the growth of yeasts and molds. Colony size 
on the medim containing the unheated potato infusion was the 
same as on the medium containing the heated potato infusion. 
-59a 
Table 17 
Influence of heating potato infusion ixi the 
preparation of potato dextrose agar upon the 
yeast and mold count of butter. 
Sample 
of 
Butter 
Count per ral. on potato dextrose 
prepared from Infusion Tshich was 
Unheated Heated 
1 148 184 
2 174 199 
3 1 2 
4 187 221 
5 35 37 
6 45 46 
7 17 17 
8 46 43 
9 106 121 
10 115 111 
Mean 87.4 98.1 
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Part 3 
INFLUENCE OF TI-IE KIND OF ACID USED TO ACIDULATE TIJE 
MEDIUM AND THE DEGREE OF ACIDUL/vTION UPON THE YEAST 
AM) MOLD COUNT OF BUTTER. 
Historical 
liVhite and Hood^^® ^ presented data which show that a 
pH of from 3.4 to 3.8 in the medium effectively inhibits the 
groTvth of bacterial colonies, and does not affect signifi­
cantly the yeast and mold count of butter. These investigators 
recommended that the medium to be used for the routine 
analysis of butter for yeasts and molds be acidulated v/ith 
lactic acid to pH 3.5i 0.1. Hammer^^^^, following the 
method of Bouska and Brovm^^^,. used 1 ml. of a 1 per cent 
tartaric acid solution per plate for acidulation. The first 
report of the committeerecommended that lactic acid be 
used as the acidulant; its second reportrecommended 
tartaric acid, Lund^^*^^, one of the early workers in this 
field, used tartaric acid to acidulate the medium which he 
employed. Hastlngs(ll) suggested the use of citric acid, and 
Davisfound that citric acid was the most convenient acid 
to use for adjusting media for yeast and mold counts. 
Parfitt^^^^, in studies on the Influence of the medium upon 
the yeast and mold count of butter, used lactic acid. 
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Introduction 
A stTidy of the acids used to acidulate the medium was 
carried out because of the variation in the acids employed 
by the different investigators. Moreover, it had been noted 
that on Bacto malt agar, which prior to pouring has been 
accurately acidtilated. to pH 3.S5 with lactic acid, bacterial 
colonies occasionally were present. This occurred most often 
when the medium contained more than 150 yeast and mold 
colonies per plate, and commonly the bacteria developed in 
close proximity to a yeast or mold colony. When the medium 
v/as tested for acidity by scraping the contents of the petri 
dish into a small beaker, adding about 15 ml of distilled 
water and allowing the medium and water to remain in contact 
for about an hoiir, the pH of the medium, in some cases, was 
found to be above pH 4.0. The suggested procedure for the 
determination of yeasts and molds (14,20,21} recommends 
incubating the plates 5 days at 21 - 25° C. This period of 
incubation would readily permit the development of bacterial 
colonies upon the plates if the acidity had decreased to a 
point which was satisfactory for bacterial growth. In the 
counting of yeasts and molds in butter it is usually assumed, 
because of the work of Hood and V/hite^^^^ and y/hite and 
Hood^^®^^ that when the medium is acidulated to pH 3.5 only 
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yeast and mold colonies develop, so that it is not necessary 
to verify colonies by microscopic examination. 
The studies on the acidulation of media for yeast and 
mold counts on butter included: (1) the effect of the kind 
of acid used upon the yeast and mold count of butter, (2) 
neutralization of acids by yeasts and molds, and (3) the 
influence of the pH of the medium upon the growth of pure 
cultures of yeasts. 
Esi)eriraental 
A. Effect of the kind of acid tised to adjust 
the medium to pH 3.5 upon the yeast and 
mold count of butter. 
Twelve random samples of salted butter mantifactured in 
Indiana were plated upon (a) potato dextrose agar, (b) Bacto 
whey agar, (c) Bacto malt agar, and (d) 2 per cent dextrose 
nutrient agar. Each medium was acidulated to pH 3,5 - 0.1 
\Tith tartaric acid, with lactic acid and with citric acid. 
The results secured are given in Table 18. 
The mean yeast and mold counts obtained v/hen tartaric 
acid was-used to acidulate potato dextrose agar, Bacto whey 
agar, Bacto malt agar and 2 per cent dextrose nutrient agar 
were 444.5, 390.1, 534.5 and 423.8 respectively; the mean 
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ooimt for the four media when acidulated with tartaric acid 
was 398.S. The mean yeast and mold counts obtained with 
lactic acid were 401.6 for potato dextrose agar, 308.3 for 
Bacto whey agar, 31S.9 for Bacto malt agar and 350.1 for S 
per cent dextrose nutrient agarj the mean count for the four 
media acidulated with lactic acid was 343.9. The mean yeast 
and mold counts when citric acid was used to acidulate potato 
dextrose agar, Bacto v/hey agar, Bacto malt agar and 2 per 
cent dextrose nutrient agar were 448.1, 343.0, 387.2 and 
'409.6 respectively, and the mean count obtained upon the four 
media when acidulated with citric acid was 395.4. 
With each of the four media studied, the lowest mean 
yeast and mold count was secured when the medium was acidu­
lated with lactic acid. The difference "between tartaric acid 
and citric acid as acidulants for media was slight. Higher 
mean counts were secured upon potato dextrose agar, Bacto 
whey agar and 2 per cent dextrose nutrient agar when these 
media were acidulated vdth tartaric acid than iidien they wer«3 
acidulated with citric acid. A hiesher mean count was obtelned 
when citric acid was used as the aoidulant for Bacto malt 
agar than when tartaric acid was used. Of the media studied, 
Bacto whey agar was the most sensitlYe to the acidulant, the 
difference between the mean counts secured with lactic acid 
and with tartaric aoid being 81.8 colonies. Potato dextrose 
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agar was the least senstive to the acidulants in tliat the 
mean counts ranged from 401.6 to 444.5 with the four media 
studied. 
Dilutions of pure cultures of six yeasts vdiich had been 
isolated from Indiana butter were streaked on Bacto whey agar 
acidified with each of five acids (tartaric, lactic, citric, 
sulphuric, hydrochloric) to pH 5.51: o»l (with hydrochloric 
acid a pH of 3.0 was also employed). In the preparation of 
the streaks from a given dilution a uniform count of inocu­
lating material was used. !rhe plates were incubated for 5 
days at 21 - 25° 0. and the growth then compared. The re­
sults of the comparisons are recorded in Table 19. 
Growth was not so abundant when the medium was acidu­
lated to pH 3.5t 0.1 with lactic acid as when it was acidu­
lated with sulphuric, hydrochloric, citric or tartaric acids, 
and there was less growth with sulphuric acid than with 
hydrochloric, citric or tartaric. No difference in the 
luxurian.ce of growth was apparent on the medim when acidu­
lated to pH 3.5 with hydrochloric, citric or tartaric acids. 
Good growth was secured when the medium was acidulated to 
pH S.O with hydrochloric acid. 
Table 18 
The effect of the acid used to adjust the meditim to pH 5,5t o»l 
i5>on the yeast and mold count of "butter, 
Besults expressed as tte average number of yeasts end molds per ml. of butter. 
Sample Potato dextrose a^car acidiilated with Bacto whey aaar acidulated with 
of 
Butter 
tartaric 
acid 
lactic 
acid 
citric 
acid 
tartaric 
acid 
lactic 
acid 
citric 
acid 
1 10 20 10 10 10 0 
2 95 70 100 55 115 85 
S 85 70 150 200 125 180 
4 200 255 295 520 310 315 
5 40 30 30 10 0 10 
6 520 455 490 472 435 426 
7 951 951 742 749 864 881 
8 190 237 250 244 110 209 
9 915 808 1001 5{® 543 529 
10 1168 909 1152 1230 572 819 
11 189 1S2 207 19S 164 202 
12 974 915 899 695 452 460 
Mean 444.5 401.6 442.1 590.1 308»S 543.0 
of 
Butt 
1 
3 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Mean 
Table 18 (Continued) 
agar aoldulated ulth 
lactic 
acid 
citric 
acid 
Sfa dextrose nutrient agai 
tartaric 
acid 
lactio 
acid 
10 
80 
145 
250 
0 
530 
864 
110 
543 
699 
156 
604 
315.9 
9  
90 
160 
275 
15 
425 
881 
209 
529 
1027 
219 
810 
387.2 
10 
65 
195 
280 
3 
570 
1110 
244 
783 
998 
191 
638 
423.8 
10 
65 
105 
280 
8 
417 
855 
158 
516 
777 
131 
881 
550.1 
Table 19 
Influence of tlie acid used to acidulate Bacto whey agar to 
pH 3,5 0.1 upon the growth of yeasts. 
Itegree of Growth 
Acids used to secure pH 3.5- 0.1 
Yeast 
used 
tartaric 
acid 
lactic 
acid 
citric 
acid 
sulphuric 
acid 
hydrochloric 
acid 
hydrochloric 
acid to pH 3,0 
1 
Z 
/ / / 
/ / / 
/ 
/ 
/ / / 
/ / / 
/ / 
/ / 
^ ^  ^  
/ / / 
3 / / / / / / / / / / / / / / 
4 / / / / / 
5 / / / / / / / / / / / / / / 
6 /  / /  / / / / / / / / / 
/ fair growth 
/ / good growth 
/ / / excellent growth 
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B. Change in pH of medium by the growth of yeasts. 
In order to determine the amount of neutralization that 
takes place in a medium in which yeasts are growing, the follow­
ing procedure was used. Suspension in water of pxire ctiltures 
of yeasts isolated from dairy products were prepared and 
plated upon potato dextrose agar which had "been acidulated 
(prior to pouring) to pH 3,5t 0.1 with tartaric, with lactic, 
with citric and with sulphtiric acids. After 5 days' incubation 
the numbers of yeast cells on the plate were counted. The 
medium in each plate was then removed to a 50 ml, beaker and 
thoro\ighly mixed with 15 ml. of distilled water; after stand­
ing f.or one hour the pH was determined electrometrically. 
Plates which shov/ed contamination with molds were discarded. 
Table 20 gives the nxnnbers of yeast colonies oh the plates 
after 5 days incubation and the final pH values of the agar. 
The decrease in acidity, because of the growth of yeaots, 
was less Tfiien potato dextrose v/as acidulated with tartaric or 
sulphuric acids than when acidulated with lactic or citric 
acids. The mean final pH values obtained from all plates 
acidulated vriLth an acid are as follows: tartaric acid 3.64, 
lactic acid 5,03, citric acid 4,14, and sulphuric acid 3.65. 
When tartaric acid was used, only those yeasts which are 
capable of proteolyzing casein were able to increase the pH 
Table 20 
Change in pH of potato dextrose agar because of the growth of yeasts. 
Plates incubated 5 days at 21 - 25° C.. 
Initial pH of agar 3.Si" o»l 
Yeast used Amount of 
dilution 
per plate 
Average 
count 
Final pH of potato dextrose 
agar acidified with 
tartaric 
acid 
lactic 
acid 
citric 
aoid 
sulphuric 
acid 
T. cremoris 1-10 3.60 7.60 3.40 
1-100 3,59 7.15 3.60 
1-1000 164 3.50 5.14 3.55 
Liquefier 106 1-10 3.73 5.83 4.60 
1-100 3.42 4.45 3.50 
1-1000 la 3.40 4.23 3.40 
Liquefier B 1-10 4.00 7.55 6.93 
1-100 3.80 7.45 6.86 
1-1000 152 3.80 7.32 broken 
T. sphaerica 1-10 3.55 4.12 3.75 3.55 
1-100 5.58 3.81 3.80 3.55 
1-1000 190 3.68 3.70 3.57 3.55 
Liquefier C 1-10 4.00 7.10 7.02 3.70 
1-100 4.00 5.95 6.05 3.60 
1-1000 216 4.00 4.40 4.33 3.70 
Coraaon white P 1-10 3.82 5.03 4.00 3.59 
1-100 3.45 3.80 3.65 3.40 
. .... 
1-1000 219 3.45 3.80 3.70 3.50 
Pink B 1-10 3.80 6.36 3.82 3.40 
1-100 3.80 4.20 3.80 3.51 
1-1000 154 3.60 3.92 3.65 3.40 

T. sphaerica 
Liquefier C 
1-100 
1-1000 
1-10 
1-100 
1-1000 
1-10 
1-100 
1-1000 
Coimnon white P 1-10 
1-100 
1-1000 
Pink B 1-10 
1-100 
1-1000 
T. cremoris / 
mycoderma 1-1000 
COBimon white P 
/ Pink B y 
Liquefier B 1-100 
Common ^ ite P 
Common r^ite S 1-100 
T. sphaerica / 
Common vfliite P 1-100 
Pink S 1-100 
Common white P 
T. sphaerica 1-100 
Mean of all pH determinations 
3.80 
! 
7.32 
W » WW 
broken 
3.55 
3.58 
3.68 
4.12 
3.81 
3.70 
3.75 
3,80 
3.57 
3.55 
3.55 
3.55 
4.00 
4.00 
4.00 
7.10 
5.95 
4.40 
7.02 
6.05 
4.33 
3.70 
3.60 
3.70 
3.82 
3.45 
3.45 
5.03 
3.80 
3.80 
4.00 
3.65 
3.70 
3.59 
3.40 
3.50 
3.80 
3.80 
3.60 
6.36 
4.20 
3.92 
3.82 
3.80 
3.65 
3.40 
3.51 
3.40 
3.60 3.92 3.60 3.60 
3.56 3.90 3.80 3.60 
3.50 3.70 3,60 3.50 
3.50 3.71 3.60 3.50 
3.50 4.52 3.75 4.80 
3.48 5.20 3.66 3.50 
3.64 5.03 4.14 3.65 
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to a point at which bacterial growth can talce place. Sul­
phuric acid was neutralized above pH 4.0 by tvra yeasts \7hich 
are designated Common white P and Pink B. 
The niimber of yeast colonies on a plate inTluenced the 
degree of neutreilization that took place in the medium. 
These yeasts designated as liquefier, which were capable of 
proteolyzing casein, decreased the acidity v;hen lactic or 
citric acid was used, to above pH 4#0 when there were as few 
as 78 colonies on the plate. Each of the yeasts studied, 
v/ith the exception of Liquefier C, was capable of reducing 
the acidi-tyto a greater degree with lactic than ^th citric 
acid. 
The a^lxano3raphic method was used to study the change 
in pH by adding 1 ml. of 0.5 per cent brom phenol blue to 
100 ml. of (a) potato dextrose agar (b) Bacto malt agar and 
(c) Bacto whey agar and adjusting these media to pH 3.5^ 0.1 
with tartaric, with lactic, with sulphuric and with hydro­
chloric acids. Ten yeasts which had been isolated from butter 
were streaked on the surface of the media. After 5 days' 
incubation at 21 - 25° C., the plates were exeimined for the 
extent of growth and also for the degree of neutralization 
as exhibited by the color change in the media. A summary of 
the data is given in Table 21; in general the results are in 
agreement v/ith those given in Table 20. 
Table 21 
Degree of neutralization caused by the growth of yeasts, as exhibited 
by color change of brom phenol blue, upon three media acidulated with 
each of four acids. 
Summary of reaction change* caused by 10 yeasts 
MediiUm 
Acids used to acidulate media to pH 5.5- 0.1 
tartaric acid lactic acid sulphuric acid hydrochloric acid 
Potato 
dextrose 
agar 
Growth good, 
slight neutra­
lization 
Growth good, 
completely 
neutralized 
Growth good, 
slight neutra­
lization 
Growth good, 
slight neutra­
lization. 
Bacto 
laalt 
agar 
Growth good, 
slight neutra­
lization 
Growth good, 
nearly complet 
neutrali za tion 
Growth good, 
3 sli^t 
neutr^ization 
Growth good,-
slight neutra­
lization 
Baoto 
Tvhey 
agar 
Growth good, 
slight neutra­
lization 
Growth good, 
complete neu­
tralization 
Growth good, 
complete neu­
tralization 
Growth good, 
complete neu­
tralization 
* Neutralization was measured by the amount of the area of the 
plate ^ ich had turned from yellow green to blue. The pH range 
of brcm phenol blue is 3.0 - 4.6 
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Neutrallzation occurred on all plates but not to so great 
a degree on potato dextrose agar as it did on Bacto malt or 
Bacto v&ieY agars; even when lactic acid was used, the degree 
of neutralization was not so great upon potato dextrose agar as 
it was upon Bacto malt agar or Bacto v/hey agai'. 
C. Influence of pll of the medium upon growth of yeasts. 
In order to determine the effect of acidity of the medium 
upon the grov/th of yeasts, five media were acidxilated v/ith tar­
taric, with lactic and with citric acids to various degrees of 
acidity. The media used were (a) potato dextrose agar, (b) 
Bacto whey agar, (c) Bacto malt agar, (d) Bacto wort agar, and 
(e) Bacto peptonized milk agar. Eight yeasts which were 
selected as representative of the common Toi'ula found in butter, 
v/ere suspended in water and definite amomts smeared on the 
surfaces of the various media. The numbers of each yeast 
inoculated were nearly constant for a uniform loopful was talcen 
from a dilution blank containing the siispension, which was 
frequently agitated, and smeared over a given area of the sur­
face of each medium. The grov/th was examined after 5 days 
incubation at 21 - 25° C. The results obtained are given in 
Table 28, 
The growth of yeasts on potato dextrose agar and Bacto whey 
Table 22 
-Influence of pH of the medium upon the growth of yeasts 
Acid used Medium Initial Culture of yeast 
pH 1 2 3 4 5 6 7 8 So 10 
Growth after 5 days at 21 - 25 C. 
Tartaric Potato 
dextrose 
agar 
5.8 
5.4 
3.1 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
Tartaric Bacto 
whey 
agar 
6.1 
4.1 
3.5 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
• E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
Tartaric Bacto 
malt 
agar 
5.3 
3.8 
3.3 
E 
E 
E 
G 
G 
E 
E 
G 
G 
G 
E 
E 
G 
G 
G 
E 
E 
G 
G 
E 
G 
E 
G 
P 
Tartaric Bacto 
wort 
agar 
5.2 
3.6 
3.2 
G 
E 
E 
G 
E 
G 
E 
E 
E 
E 
E 
G 
G 
G 
G 
G 
G 
G 
P 
G 
G 
P 
P 
P 
Tartaric Baeto 
peptonized 
milk agar 
6.4 
3.7 
3.2 
N 
P 
N 
N 
P 
N 
N 
P 
N 
N 
P 
N 
N 
P 
P 
N 
P 
P 
N 
P 
N 
U 
P 
N 
N 
P 
N 
N 
P 
N 
Lactic Potato 
dextros e 
agar 
5.8 
4.1 
3.4 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
G 
E 
E 
E 
E 
E 
E 
Lactic Bacto 
whey 
agar 
6.1 
4.2 
3.6 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
Lactic Bacto 
malt 
agar 
5.3 
3.9 
3.5 
E 
E 
E 
G 
E 
E 
E 
E 
E 
G 
E 
E 
G 
E 
G 
E 
E 
E 
G 
E 
E 
E 
E 
P 
Lactic Bacto 
wort 
5.2 
3.4 IT r\ 
G 
E 
•n* 
G 
E 
E 
E 
•n» 
E 
E TP 
G 
G 
n 
G 
E X? 
P 
E T? 
P 
P 
vr 

Lactic Potato 5.8 
deztros e 4.1 
agar 3.4 
Lactic Bacto 6.1 
whey 4.2 
agar 3.6 
Lactic Bacto 5.3 
malt 3.9 
agar 3.5 
Lactic Bacto 5.2 
wort 3.4 
agar 3.0 
Lactie Bacto 6.4 
peptox^-zed 3.5 
milk agar 3.3 
Citric Potato 5.8 
dextrose 3^9 
agar 3,3 
Citric Bacto 6.1 
whey 4.1 
agar 3.4 
Citric Bacto 5.3 
Tsalt 3.7 
agar 2.7 
Citric Bacto 5.2 
wort 3.9 
agar 2.9 
Citric Bacto 6.4 
peptonized 3.6 
mlUc agar 2.9 
E - excellent growth 
P a poor grovrth 
Q s good growth 
N s no growlfe 
E E E E E E E E E E  
E E E E E E E E E E  
E E E E E E E G E E  
E  E  E  E  E  E  E  E  E  E  
E  E  E  E  E  E  E  E  E  E  
E  E  E  E  E  E  E  E  E  E  
E  G E  G  G  E  G E  
E  E  E  E  E  E  E  E  
E  E  E  E  G E  E  P 
G G E  E  G G P P 
E  E  E  -  E  G E  E  P 
E  G E  E  G E  E  N 
N N N - N N N • N U N H 
P P P . P P P P P P P 
P P P P P P P P P P 
E  E  E  E  E  E  E  E  E  E  
E  E  E  .  E  E  E  E  E  E  E  
E  E  S  . E  E  G E  E  E  E  
E  E  E  E  E  E  E  E  E  E  
s E  E  .  E  E  E  E  E  E  E  
E  E  E  E  E  E  E  E  E  E  
E  G E  G G E  G S  
E  E  G  G G E  G P 
E  P E  N N E  P P 
a G E  E  G G P P 
E  G E  E  E  E  G P 
G 6 G P G G G U 
N N N . N N N  N  N I ?  N 
P P P T >  A. P P P P P P 
N N N • N N N N I I  N 
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agar which had been acidulated \7lth tartaric, ^vith lactic, 
and vdth citric acids was excellent over a pH range of 5.1 
to 6.1; Bacto malt agar gave excellent to good growth when 
acidxilated \'Ath each of the three acids over a pH range of 
3,3 to 5,3 Ydth the exception of yeast No, 8. At pH 2,7 
which vras obtained with citric acid, two yeasts failed to 
grow; three gave poor growth; and the remaining three gave 
excellent growth. Bacto wort agar in general gave better 
growth when acidtilated with each of the three acids to 3,4 
to 3,7 than when not so acidtilated. Growth was excellent to 
good at pH 3,0 and 3,2 with the exception of yeast No, 8; at 
pH 2,9 yeast No, 8 failed to grow, yeast No, 4 gave poor 
growth, and the reiaaining yeasts gave good grovrth. 
A striking difference was noted when Bacto peptonized 
milk agar was compared with the above media as a meditan for 
the growth of yeasts at various pH values. Upon this medium 
none of the yeasts grev; vrhen it was at pH 6,4; growth was 
poor at pH 3,5 to 3,7, and became negative for all yeasts when 
the pH was decreased v/ith citric acid to pH S,9. 
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Part 4 
INFLUENCE OF INCUBATION TBIE UPON TIDS 'YEAST AND 
MOLD COUNT OF BUTTEH. 
Introduction 
V/hite and Hood^^®^ compared the yeast and mold counts 
obtained on butter with Bacto malt agar after 2 and 5 days' 
incubation at 25° C. and concluded that the length of the 
incubation time affected the count obtained. They stated: 
"If moxild and yeast counts of butter analyzed at different 
laboratories are to be comparable, a uniform temperature and 
o incubation period should be adopted, and 25 C. for 5 days 
gave the most satisfactory results in this study". In vievf 
of the fact that this was the only vrorlc reported on a com­
parison of Incubation periods, the committee on the micro­
biological analysis of butter, in its reports^^®* 
suggested an incubation of 5 days at 21 - 25° C. for plates 
used in determining the yeast and mold co\mt of butter. 
Eacperimental 
A. Influence of incubation time on the yeast 
and mold count of butter as detenained with 
potato dextrose agar. 
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In order to secure Information on the effect of the 
Incubation time on the yeast and mold count of butter, 51 
samples of butter were plated upon potato dextrose agar 
containing en infusion of 200 grams of potatoes and also 
upon potato dextrose agar containing an infusion of 400 
grams of potatoes. The butter was from Indiana creameries. 
Yeast and mold counts were made at the conclusion of 3, 4, 
5 end 8 days* incubation at 21 - 25® C. The data obtained 
are presented in Table 25. 
The mean yeast and mold counts secitre^d on potato dextrose 
agar prepared from an infusion of 200 grams of potatoes per 
liter of mediiim were 285.7 after S days, 309,0 after 4 days, 
319.2 after 5 days, and 319.2 after 6 days. The mean yeast 
Eind mold counts seoxtred on potato dextrose agar prepared 
from an Infusion of 400 grams of potatoes por liter ivero 
508.6 after 3 days, 329*4 after 4 days, 342.7 after 5 days, 
and 342,7 after 8 days. 
A detailed study of Table 23 shows that, using potato 
dextrose agar prepared from an infusion of 200 grams of 
potatoes per liter of medium, 17 samples of butter had the 
sajae yeasb and mold count after 4 days as for 3 days, and 
28 samples of butter had the same yeast and mold coxint 
after 4 days as after 5 days. Tliere were 38 sauries of butter 
in ^ ich the increase in colony count from the third to the 
of 
itt( 
1 
2 
5 
4 
5 
6 
7 
8 
9 
10 
11 
12 
IS 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
Table 23 
Influence of incubation time on yeast and mold count of butter 
as determined Tidtli potato dextrose agar. 
Agar containing infusion of 
200 grams of potatoes per 1« 
Count per ml. 
tion of 
after incuba-
3 4 5 
days days days 
10 10 10 
50 140 150 
220 290 300 
160 160 170 
60 140 160 
40 40 90 
10 30 40 
0 40 40 
0 50 50 
120 250 250 
0 20 20 
90 90 90 
10 10 10 
0 20 20 
420 420 440 
420 430 430 
350 350 350 
390 400 420 
230 240 270 
390 390 390 
420 420 460 
300 310 370 
1380 1380 1390 
20 30 40 
230 300 370 
340 340 340 
20 20 20 
•ft A A 
8 
days 
Agar containing infusion of 
400 grams of potatoes per 1« 
Count per ml. after incuba­
tion of 
3 
days 
4 5 8 
days days days 
20 20 20 
260 280 280 
460 460 460 
310 310 310 
160 190 190 
50 60 60 
30 30 30 
90 110 no 
70 110 no 
120 120 120 
10 20 20 
20 20 20 
20 20 20 
30 50 50 
450 510 510 
530 530 530 
410 430 430 
460 480 480 
290 330 330 
320 350 350 
510 510 510 
450 520 520 
1180 1180 1180 
50 50 50 
340 360 360 
270 280 280 
40 90 90 
no 110 no 
10 
150 
300 
170 
160 
90 
40 
40 
50 
250 
20 
90 
10 
20 
440 
430 
350 
420 
270 
390 
460 
370 
1390 
40 
370 
340 
20 
10 
260 
410 
280 
150 
40 
30 
40 
40 
50 
0 
20 
10 
0 
410 
510 
410 
450 
290 
280 
480 
360 
1180 
50 
320 
270 
30 
n ft 
I 
-a 
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fourth day of incubation was not more than, 3 colonies per 
plate. Of the 51 samples of butter studied there were 47 
in which the count secured after 5 days' incubation was not 
more than 3 colonies greater per plate than the count obtained 
after 4 days' incubation. Incubating the plates for 8 days 
did not cause any increase in count over that obtained after 
5 days. The size of the mold colonies after 8 days' incuba­
tion often made counting difficult. 
The greatest increase in the number of yeast and mold 
colonies from the third to the fourth day of incubation was 
v/ith butter sample number 10 in which the nmber of colonies 
per plate increased from 12 to 25. The greatest increase in 
count from the fourth to the fifth day of incubation was with 
butter sample 25, in which the number of colonies increased 
froia 30 to 37. 
V^hen an Infusion prepared from 400 grams of potatoes 
was used, 14 samples of butter had the same count after 4 days' 
incubation as after 3 days, while 27 had the same count after 
5 days' incubation as after 4 days. Of the 51 samples of 
butter studied, there were 40 in which the number of colonies 
that were visible to the naked eye after 4 days incubation 
was not more than 3 per plate greater than the number after 
3 days; and the increase in count from the fourth to the fifth 
day of incubation was not more than 3 colonies with 41 samples 
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of the butter. 
The greatest increase in count from the third to the 
fourth day of incubation was 9 colonies with butter sample 
22, and with 5 days* incubation the count on this sample 
increased 7 colonies over the count after 4 days; of all the 
increases from fourth to fifth day of incubation, this was 
the greatest. 
The results secured indicate that when potato dextrose 
agar was used as a medium the iiiascimuia yeast and mold count 
was obtained after 5 days* incubation at SI - 25° C. and that 
the count obtained after 4 days* incubation approached this 
itiaarimum count which is within the probable limits of error 
of plating, Greater differences in count were obtained by 
doubling the amount of potatoes used in preparios the infusion 
than by reducing the incubation time from 5 days to 3 days. 
B. Number of yeasts in broths after 1, S and 
5 days' incubation-
Pure cultures of three yeasts, Torula sphaerica. Pink 
B and Liquefier 106, were gro^vn in (a) v^hey broth containing 
no peptone, (b) whey broth containing 0.5 per cent peptone, 
(c) nutrient broth with the addition of 2.0 per cent 
dextrose, (d) nutrient broth with the addition of 5,0 per 
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cent dextrose, and (e) potato dextrose broth. The whey broths 
were prepared by rennet coagtilation. the broths wore 
adjusted to pH 3.5-0.1 vdth tartaric acid. The broths were 
dispensed in 100 ml, quantities in screw cap dilution bottles 
and the cultures studied in duplicate. Counts were mde to 
determine the numbers of cells introduced into the broths and 
also the numbers present after 84 hours', 5 days' and 5 days* 
incubation at 21 - 25® C. The data obtained are given in 
Table PA, 
The numbers of yeast cells found in broths of dil'ferent 
composition at the end of 1, 3 and 5 days varied with the 
three yeasts used. The counts secured in broths inoculated 
with T. sphaerica indicate that this yeast gronr/s more rapidly 
in potato dextrose agar thon in any of the other media. 
The co\mt sectired froia potato dextrose broth after 1 day of 
incubation was equivalent to the count secured from whey broth 
containing 0.5 per cent peptone after 5 days' incubation, and 
the count obtained from potato dextrose broth at 3 days was 
greater than the counts secured at 5 days from the other 
broths with the exception of whey broth containing no peptone. 
The yeast Pink B developed greater numbers of cells 
in potato dextrose broth after 1 day's incubation than any of 
the other media. After 3 days' incubation the monber of 
cells found in 5 par cent dextrose nutrient broth approached 
Table 24 
r-lumber of yeasts in broth media after 1, 3 and 5 days' incubation 
at 21 • - 25° C.. 
Yeast used 
Time of 
incuba­
tion in 
days 
Number of yeasts per ml. of ' broth 
A B C D E 
T. sphaerica 1 
5 
5 
> 10 
2,100,000 
9.600.000 
>10 
1,000 
4,000 
;'lo 
1,000 
4,000.000 
>10 
1,000 
500.000 
4,600 
4,900,000 
34.000.000 
Pink B 1 
5 
5 
^10 
1,000 
600.000 
>10 
1,000 
400,000 
>1,400 
3,900,000 
45,600,000 
4,400 
8,000,000 
33.600.000 
45,000 i 
8,000,000 c 
36.000,000 ' 
Liquefier 106 1 
3 
5 
36,000 
9,700,000 
36,000,000 
55,000 
1,100,000 
20,000,000 
474,000 
7,100,000 
37,000,000 
330,000 
5,600,000 
88,000,000 
339,000 
219,000,000 
218,OOQ,000 
A • )"hey broth 0.0^ peptone 
C m 2P/o dextrose nutrient broth 
E « Potato dextrose 
B m Whey broth / 0,5fa peptone 
D • 5^ dextrose nutrient broth 
> » less than 
Nxmber of yeast cells contained in 100 ml. of broth before incubation 
Z* sphaerica 3, Pinlc B, 55, and Liquefier 106, 51. 
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tlie oount secured from potato dextroae broth. The number of 
cells found in potato dextrose broth after 5 days' incubation 
was greater than the number of cells fo\md after 5 days' 
incubation in the whey broths. 
Yeast Liquefier 106 initiated growth faster in the 
broths used than did the other tvro yeasts. The niaaber of 
cells found in 2 per cent dextrose nutrient broth after 1 
day's incubation was greater than secured from potato dextrose 
broth after the same incubation period. The count secured 
after 3 days' incubation in potato dextrose agar exceeded the 
count for the other broths after incubation for the same 
period, sjid was also greater than any of the counts secured 
from the other broths after 5 days' incubation. 
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Part 5 
iraUENCE OF THE OXIDATION-REDUCTION POTlilNTI/iL OF 
THF: MEDim UPON TflE GROiVTI-I OF lEASTS iil'® MOLDS. 
Introduction 
During the past few years a great many studies have "been 
made on the electromotive properties of biological systems. 
In general, the studies indicate that bacterial cultures as 
well as sterile bacteriological media are active oxidation-
reduction systans. Allyn and Bald\vin^^^ reported that marked 
effects on the growth of an aerobic bacterial species v;ere 
induced by ceo?tain changes in the oxidation-reduction character 
of the media. Later these same authors^"^^ found that the 
oxidation-reduction potential of a medim exerts a decisive 
influence on the ability of certain aerobic bacteria to 
initiate grovTth. Reid and Baldvdn^ reported that the 
oxidation-reduction potential of the medii^i exerts a decided 
influence on the ability of Saccharomyces cerevisiae to 
initiate growth. These investigatotrs used a mineral salt 
sugar medium, and vlth the addition of agents which lov/ered 
the potential of the medium v/ere able to initiate growth with 
an inoculium of 10 ceHs per ml., \tiile the untreated medium 
required, to insure growth initiation, an inocul\im of 10,000 
cells per ml. 
No infomiatLon is available as to the role played by the 
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oxidation-roduction potential of liie mediim on the grov/th of 
yeasts and molds found In butter. The medium used for deter­
mining the yeast and mold count ctf butter ehould be at the 
optimum potential in order to secui'e luaximunx grotvlii. Reid and 
("^3) 
Baldviin ' have pointed out that in the case of Saooharomyces 
oerevisiae the potential of the mineral salt sugar medium 
exerts a decided ini'luence on the ability of this yeast to 
start to grow. In the counting of yeasts and molds in butter, 
the dilution of the butter was thoroughly shaken, \7ith tlie 
objective of distributing the yeast aifi mold cells equally 
throughout the dilution. By such agitation single cells were 
probably often obtained, and it was assumed in counting the 
plates that each colony counted at the end of the incubation 
period had resulted from a single cell. Data are presmted in 
Table 1 (Part 1) which shov; that 2 per cent dextrose beef infu­
sion agar was an inferior medium, when compared v/ith 5 per cent 
dextrose nutrient agar, for the growth of yeasts and molds. 
The ingredients contained in these two media were somewhat 
similar (for bacterial growth the infusion medium is usually 
preferred). In view cdC previous work it was assumed that the 
potential of the infusion medium was unfavorable, whereas the 
potential of the 5 per cent dextrose nutrient agar was favor­
able, for the initiation of growth by small numbers or single 
cells of the yeasts and molds found in butter. 
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In order to obtain data on •the osidation-reduction 
potential of a medium and its influence upon the gi'owth of 
yeasts and molds found in butter, studies v;ere mde as to 
the potentials of vaiious media and the ability of media of 
different potentials to support the growth and developnient 
of the yeasts and molds found in butter. 
Experimental 
A, Oxidation-reduotion potential of media used 
for counting yeasts and molds. 
Using a simple potentiometer circuit, potential measure­
ments were made of Uie varLous media in the broth form. The 
broth was placed in large test tubes which had been blown out 
at the base in order to prevent liie electrodes from coming in 
direct contact with the glass during the operations. Two 
electrodes were Inserted into each tube at the same level be­
neath the surface cf the medium. 
The electrodes, consisting of bright platinum, 7/ere about 
0.5 inch long and sealed in the end of soft glass tubing; the 
circuit contact was made by nKsans of mercury. The electrodes 
were cleaned in choromio-sulphuric acid, rinsed thoroughly in 
sterile distilled water ani flamed in an alcohol flame before 
each ex]?eriment. The electrodes were not sterilized further, 
for the broths were at pH 3.5* 0.1, and by careful washing and 
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handling no yeast and mold contamination was secxired. 
Potential measurements were ohtained upon agar media in 
the same manner as upon broth media, with the exception that 
the agar was poured into the electrode vessel at 42 - 45® C., 
allowed to cool to C., and measurements then made. All 
the hroth and agar media v/ere studied in duplicate. 
Considerable time was expended in endeavoring to obtain 
duplicate results vjith a vacuum tube potentiometer, designed 
for glass electrode worlc by Goodhue, Schwarte, and Fulmer^^J, 
but without success. 
In computing; the oxidation-reduction potentials of the 
various media a saturated calomel half cell was tised as a 
standard of compariGon in actual operations. 'Ihe potentials 
of various broth and agar media at pH 3.5t 0.1 are given in 
Table S5. 
At the start the range in oxidation-reduction potential 
of the broth and agar media studied varied with 2 re r cent 
dextrose infusion from a low of 0.057 volts to a high of 
0.267 volts v/ith potato dextrose broth. 
The media studied divide themselves into ttoee groups; 
Group 1, those media that have voltages of 0.2 volts or 
greater, includes potato dextrose broth, potato dextrose agar 
and Bacto malt agarj Group 2, those media that shov/ a voltage 
of more than 0.1 volts but less than 0.2 volts, includes whey 
broth, whey broth containing no peptone, end dextrose nutrient 
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broth; Group 3, those media that shov; a vol'bage of 0.1 volts 
or less, includes dextrose infusion broth, Bacto tomato juice 
broth, Bacto tomato juice agar, and Bacto yeast dextrose agar. 
Of the media used in Table 1 (Part 1) whey agar prepared 
by rennet coagulation vi&s found to give the lowest mean yeast 
and mold count. \?hey broth prepared by rennet coagulation 
gave a voltage of 0.127 to 0.130. Bacto tomato juice broth 
and 2 per cent dextrose beef infusion broth gave voltages which 
were less than tliat of whey broth, the voltages being 0.059 and 
0.057 respectively. The agars prepared from these broths gave 
higher mean yeast and mold counts tiian whey agar. It vxjuld 
appear from these data that the oxidation-reduction potential, 
within the ra.'oge studied, is not a limiting factor in the 
groi7th of the yeasts and molds found in bixtter, since growth 
was secured over the entire potential range studied. 
B. Influence of number of yeast cells inoculated 
into media of various potentials upon their 
ability to initiate growth. 
In order to determine whether or not the potentials of 
the media used for counting the yeasts and molds in butter 
are limiting factors in the groirth of yeasts when small 
numbers of yeasts are inoculated into them, fovu" yeasts in 
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Table 25 
Oxidation-reduction potexrtials of sterile broths 
and of sterile agars \ised in counting yeasts and 
molds in butter. 
Media at pH '3.5"t 0.1 Teraperuture at 25° C. 
Headings in TOlts 
Broth medium Start''* 3 hrs. 6 hrs. 24 hrs. 48 hrs. 
V^hey rennet coag. .130 ,131 ,112 ,115 
V/hey rennet coag. .127 .127 .120 ,119 
Vdiey - no peptone .120 .124 .142 .132 
Whey - no peptone .140 .147 .119 .124 .120 
Dextrose nutrient .135 .125 .124 
Dextrose nutrient .155 .130 .130 
Dextrose infusion • 057 ,048 .046 
Dextrose infusion .057 .048 ,046 
Bacto tomato juice .059 .076 ,076 
Bacto tomato juice .058 .055 ,055 
Potato dextrose .267 .254 .251 .225 
Potato dextrose .230 .227 .255 ,230 ,231 
Agar medi:. 
Potato dextrose .228 .231 .225 .210 ,210 
Bacto malt .258 .264 .271 .248 .258 
Bacto yeast dextrose .089 .088 .070 .096 .096 
Bacto tomato juice .058 .046 .035 .034 .009 
* Media were steamed in flov/ing steam for one hovir, then 
cooled to 21" C. The voltage readings were made at 1-^ 
to 2^ hours aftecr removing from the steamer. 
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varioxis concentrations of cclls v/ere inociilated into media of 
various potentials. The media used wore of lov/ voltage 
(dextrose infusion broth and tomato juice broth), of median 
voltage (whey broth, v/ith and without peptone und dextrose 
nutrient broth), and of high voltage (potato dextrose agar). 
The broths were acidiilated to pH 3,51" 0,1 v/ith tartaric acid 
and were dispensed into sterile test tubes under aseptic con­
ditions. Tlie amount of broth in each tube vjas approximately 
10 ml. Tlae yeasts used were Pink B, Liquefier B, T. sphaerica 
and T. cremoris. Dilutions were prepared of these yeasts and 
definite quantities inoculated into the broths. The numbers 
of cells inociila ted into the broths were determined by plating 
similar quantities on potato dextrose agar. The tubes v/ere 
incubated for 5 days at SI - 25*^ C., and growth was measured 
by removing approximately 0.005 ml. portions of each broth, 
with a wire loop after the tubes had been thoroughly shaken 
and streaking on potato dextrose agar. The results obtained 
are presented in Table 26. 
The results show tendency for the media of low potential 
to inhibit or retard yeast growth. V/ith the method of examina­
tion used dextrose infusion broth which had a potential below 
0.1 volts did not shop; growth when inoculated with the lowest 
ntimbers of cells of Pink B or T. sphaerica, while the Liquefier 
B and T. cremoris v/ere able to initiate grovvth in this medium 
Table 26 
Influence of nnniber of yeast cells inoculated upon their ability to 
initiate growth in broth media of various oxidation-reduction potentials. 
pH of broth media 3.51 o.l 
7east used 
No. of Growth nfter 5 davs at 21 - 25® C. 
cells Volts be] Low 0.1 Volts Oal — 0.2 Volts ^ 0.2 
inocu­ dextrose tomato ^ey*no dextrose potato 
lated infusion juice peptone nutrient dextrose 
577 / / / / / 
30 / / / i f / / 
4 / / / / / / / 
1 / / / / / - / / 
198 ^ / / / if i / / >5 / / 
15 ^ / / / 
^ i < t 2 
0 
/ / 4- / / / -
304 / / f A 
28 / / / / / / 
2 
0 
/ ^ 7^ i / / «• •» / / 
543 / i 
92 ^ / / / / 
5 
- / / / 4- ^ 
0 - - mm <m 
Pink B 
Llquefier B 
T. aphaerica 
T. eremoris 
I 
00 to 
I 
* Whey bro^fe prepared by rennet coagulation. / • growth - M no gro^rth 
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v/ith the smallest inociilations used. Tomato juice broth, 
v;hich also had a potential oT below 0.1 volts, supported 
groT/th of Pink B and T. sphaerioa vdth inoculations which did 
not give growth in dextrose infusion broth. Grov/th was 
initiated in all tubes of v;hey broths vvith and without pep­
tone, and was also initiated in all tubes of potato dextrose 
broth v±iich had a higher potential than the whey broths. Pink 
B, Liquefier B and T. sphaerlca failed to grow in one or both 
tubes with inoculations into dextrose nutrient broth but gave 
grov;th in the whey broths. The difference between the oxida-
tion-reduction potentials of the dextrose nutrient broth and 
whey broths was less than the difference between the v/hey 
broths and potato dextrose broth. 
The general results indicate that the composition of the 
mediumi is of greater significance than its potential. 
In order to secxire fiirther information on the effect of 
the oxidation-reduction potential of the medium upon the 
gravth of yeasts found in dairy products, ei^t yeasts v;er© 
plated upon three media. The media used wore potato dextrose 
agar, which had a voltage greater than 0.2 volts, and Bacto 
yeast dextrose agar and Bacto tomato juice agar, v/hich had 
voltages of less than 0.1 volts. Dilutions of the yeasts were 
plated upon the tliree media after acidulating to pH 3.5-0.1, 
The ntirabers of colonies per plate were comted after 5 days' 
incubation at 21 - 25° C., the counts obtained are presented 
-91-
in Tahle 27. 
iilthough the potato dextrose agar had a voltage greater 
than O.S volts and Bacto yeast dextrose agar and Bacto toiaato 
juicG agar Iiad voltages of loss than 0,1 volts, the differences 
in count per plate v/ere greatc-r between Bacto yeast dextrose 
agar and. Bacto tomato juice agar than betv/een Bacto yeast 
dexti-ose agar and potato dextrose agar. In none of the dilu­
tions of the yeasts used was the number of colonies per plate 
on Bacto yeast dextrose agar or on Bacto tomato juice agar 
greater than tiiat on potato dextrose agar, and only in one case 
(CoTmaon white XB) was the coxint per plate greater on Bacto 
tomato juice agar thnn on Bacto yeast dextrose agar. The yeast 
Pinlc B failed to grov/ in Bacto tomato juice ager even when 
inoculated with approxiiiatcly 5,190,000 cells per plate. This 
yeast grev7 on Bacto yeast dextrose agar, but did not produce 
so many colonies per plate as it did upon potato dextrose agar 
when a corresponding inocvilation was used, \7ith all tlae yeasts 
studied the colonies v^Lich were produced upon Bacto tomato 
juice agar were as large as the colonies of the same yeast upon 
Bacto yeast dextrose agar or upon potato dextrose agar, indicat­
ing that when grov/th was established 12iere v/as no lack of 
nutrients in the medium. 
The results secured indicate tlat the oxidation-reduction 
potential, within the limits used, was not the limiting factor 
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Table 27 
Influence of media of different oxidation-reduotion 
potentials upon the numbers of yeast colonies develop­
ing when dilutions of yeasts were plated. 
Yeast used Di lilt ion 
Avera(3;e counts per TDlate on 
potato 
dextros e 
agar 
Bacto yeast 
dextrose 
agar 
Bacto to­
mato j\iic 
agar 
Common white s 1 - 10.000 466 352 337 
Common white IB 1 - 1,000 688 300 564 
Common vdiite YB 1 - 10,000 79 24 76 
Coiamon vihite E 1 - 1,000 518 454 304 
Common white B 1 - 10,000 74 65 34 
Common white C 1 - 10,000 20V 164 46 
Pink A P 1 - 1.000 TNC^ TNG 169 
Pinlc A P 1 - 10.000 408 302 16 
Pinlc B 1 - 100 TNC^'' TNC-"^ 0 
Pink B 1 - 1,000 TNC* TNG* 0 
Pink B 1 - 10,000 TNG* 0 
Pink B 1 -100,000 519 381 0 
T.sphaerica 1 - 1,000 285 241 110 
Lic^uefier B 1 - 1,000 TNG* 208 
Liquefier B 1 - 10,000 129 59 0 
* TNG too nmerous to count 
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in the grovrth of some of the coirmion yeasts foima in dairy 
products, for there is no close agreement between the poten­
tial of the medium and its ability to support yeast grovfth. 
The medium with the higliest potential , liowevc-r, supported the 
greatest number of colonies. This could be interpreted as 
indicating that a sinfile yeast cell finds a more favorable 
environment in a medium of a voltage of 0.2 than in a medium 
of lower potential. As with the data presented in Table 26, 
there exists as great a difference in yeast counts betv/een 
media of approximately the same oxidation-reduction potential 
as between media of different oxidation-reduction x^otentials, 
G. Influence of addition of thioglycollic acid 
or hydrogen peroxide to potato dextrose agar 
on the growth of yeasts and molds. 
Reid and Baldwin^^^^ found that the oxidation-reduction 
potential of the medium they med to study the growth of 
Saccharomyoes cerevisiae could be altered by the addition of 
small quantities of thioglycollic acid or hydrogen peroxide, 
which would indicate tliat the medium v/as poorly poised. In 
order to obtain data as to the poising capacity of potato 
dextrose agar and the effect of adding these materials the 
follovjing oxperimmt v/as performed. 
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Po'bato dextrose agar \7as prepared and dispensed in 150 
nil, quantities into three screv? cap bottles, the mediioa vas 
acidulated to pH 3.5to»l with 5 per cent tartaric acid and 
varying quantities of thioglycollic acid or hydrogen peroxide 
added. To insure thorough mixing the contents were agitated 
and then the medium was pemitted to stand for 48 houi'S at 
50*^ C. Thirty somples of butter made in two Indiana central-
izor creameries ?/ere plated, 15 samples upon the meditira con­
taining thioglycollic acid and 15 upon the medium containing 
hydrogen peroxide. The counts obtained are presented in 
Table s 28 and 89. 
The addition of thioglycollic acid caiised a regular 
decrease in the xaean yeast and mold count of the 15 samples 
of butter. This decrease is correlated with the amount of 
thioglycollic acid xised, but the differences were well Yd thin 
the limits of error of plating, for there was no regularity 
with individual samples. IVhen 0.01 ml. of thioglycollic acid 
was added to 150 ml. of medium, ten of -fcho 15 samples of 
butter had lower yeast and mold counts than when no thiogly­
collic acid was afided; four had higher counts and vrfLth one 
there was no difference. 
The addition of hydrogen peroxide caused a regular 
increase in the mean yeast and mold count of the 15 samples 
of butter, the increase correlated with the amount of hydrogen 
O] 
But 
1 
3 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Mei 
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Table 28 
lence of the addition of thioglycollio acid 
itato dextrose agar at pH 3.5t 0.1 upon the 
growth of yeasts and molds. 
ml. of thioglycollio aoid added 
per 150 nil, of raediuia 
).0 0.002 0.005 0.01 
Count per 0.1 ml . of butter 
14 11 10 9 
7 7 6 8 
9 6 6 6 
14 9 8 6 
8 9 9 10 
11 4 5 4 
15 15 12 12 
22 16 16 15 
84 18 14 15 
8 8 10 10 
16 14 8 10 
10 8 9 4 
12 15 13 1 
1 1 5 4 
7 10 16 7 
11,9 9.9 9.8 8,5 
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Table 29 
Influence of addlton of hydrogen peroxide to 
potato dextrose agar at pll 3.51 0.1 upon the 
grov/th of yeasts and molds. 
Sample 
of 
Butter 
ml. of 3 per cent hydrogen peroxide 
added per 150 ml. of medium 
0.0 1 1,0 
Coxmts per 0.1 ml, of ' 
2.0 
Dutter 
16 5 3 4 
17 4 8 5 
18 7 9 8 
19 M 15 IS 
20 IS 8 9 
21 7 8 10 
22 9 14 15 
23 74 77 110 
24 6 9 21 
25 10 13 9 
26 18 16 23 
27 3 6 V 
28 3 3 2 
29 1 1 0 
30 20 25 20 
Mean 9.2 10*2 11.6 
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peroxide added; the differences in mean coimts were v/ithin 
limits of error of plating. The addition of 3.0 ml. of 3 per 
cent hydrogen peroxide to potato dextrose at pH 3.5i 0.1 catised 
the medium to lose its gel properties . 
These data would Indicate that potato dextrose agar is 
well poised and that the addition of small amounts of thiogly-
collic acid or hydrogen peroxide do not significantly affect 
the formation of yeast and mold colonies on the plates. Tlie 
addition of 1,0 ml, of hydrogen peroxide to 150 ml, of medium 
yielded higher counts on 10 saiaples of butter than the count 
obtained when no hydrogen peroxide was added; three samples 
gave higher counts vdien no hydrogen peroxide v;as added; and 
with t\70 111 ere was no difference. Seven samples gave higher 
counts v;hen 2.0 ml. of hydrogen peroxide was added than when 
1.0 ml. was added. The difference in count within individual 
samples was in the case of some samples significant. 3?our 
samples gave lower counts with the addition of 2.0 ml. of 
hydrogen peroxide than with the addition of 1.0 ml., and in 
four samples the count was lower with the addition of 2.0 ml. 
of hydrogen peroxide" than when no hydrogen peroxide was added 
to the medium. 
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Part 6 
SPECIAL Fu^THODS ATTEIvIPTED FOR COUi'^'irrT YKASTS /itID 
MOLDS IN BTOTER, 
A. Comparison of the smear technique with the 
plate method for counting yeasts ana molds 
in butter. 
The smear technique, which consists of smearin'j the 
inoculating material on the surface of the agar plate rather 
than distributing through the liquefied medium, presents 
\Yhat appear to be advantages over the plate method for de­
termining the yeast and mold count of butter in that yeast 
colonies are larger ;7hen grooving on tlie surface than when 
grov/ing beneath the sixrface of the medium. The smear teclinique 
used vfias somev/hat similar to the method suggested by Burri^^^ 
for bacterial counting. 
Yeast and mold counts v;ere made on soniples of butter 
using the smear technique and the usual plate method. 
Potato dextrose agar and 2 per cent dextrose nutrient agar 
were used. For the smear technique these agars were acidulated 
to pH 3.5- 0.1, poured into sterile petri dishes to a depth of 
0.8 cm. and the dishes placed in a 37° C. incubator for 2 days, 
in order to evaporate any condensed water which may have been 
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on tfie sui'face of the medium. The raeditim was inoculated v:ith 
1.0 ml. of the butter dilution and this material smeared over 
the surface of the medium by means of a sterile bent glass 
rod. The plates were then inverted and incubated. Twenty-
five samples of Iowa butter v/ere studied; the yeast and mold 
counts obtained are given in Table 30. 
The mean yeast and mold count secured per ml. of butter 
on potato dextrose agar when using the smear teclinique was 
530,5, v;hile when using the usual plate method it was 383.3. 
The mean counts obtained on dextrose nutrient a{3ar using the 
smear technique and the usual plate procedxire were S64.3 and 
326.0 respectively. 
1^'hen potato dextrose was used as the medium, five samples 
of butter gave equal counts with the two methods, seven sam­
ples showed higlier counts with the smear technique and 13 
samples of butter had hi^er counts with the usual plate pro­
cedure. Upon 2 per cent dextrose nutrient agar five samples 
gave equal comits vath both methods, five gave higher counts 
with the smear technique, and 15 gave higlaer coxints with the 
usual plate method. 
a. Influence of milkfat on the surface of the 
medium upon the yeaot count. 
Mold and yeast counts are usually made on lov; dilutions 
Sam] 
of 
But' 
1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
12 
15 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Mei 
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TalJle 30 
ison of the smear technique with the plate 
of detoiiainins yeasts and molds In butter. 
Averapie yeast and mold count -per ml. of butter 
iJQtato dextrose &Rar Dextrose nutrient afi;ar 
Sraear Plate Sraear Plate 
technique method technique method 
1101 859 684 808 
904 808 875 900 
47 284 178 372 
12 6 8 5 
381 611 270 437 
89 69 52 58 
252 196 187 99 
69 57 39 39 
443 1275 259 777 
398 408 328 346 
140 469 115 338 
651 652 590 491 
323 689 460 566 
5 . 5 3 4 
549 499 529 502 
1 3 2 5 
2 2 1 1 
5 6 3 8 
27 32 23 28 
478 588 495 476 
651 634 491 608 
530 533 608 506 
355 599 215 417 
209 342 145 293 
7 72 16 59 
330.5 383.3 264.3 326.0 
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of butter, and as a result considex'able quantities of fat 
are added to the plates. Ulien the usual plating procedure 
is used tlie fat is mixed into the medituu \7ith the rotating 
of the plate; vfhen the smear technique is used, the fat 
remains uiDon the surface of the mediiuri and the surfaces of 
the fat globules are not surrounded by the medium. In order 
to determine v/hether or not the lov/er yeast and mold counts 
obtained -with the smear technique v^ere due to the presence 
of fat on the surface of the medium (the fat preventing the 
yeast cells from contacting the medium), the following 
study was xmdertaken. 
Dilutions of cultxires of 15 yeasts v/hich had been 
isolated from Iov7a butter were smeared upon and plated upon 
potato dextrose agar. The results secured are presented in 
Table 31. 
The mean yeast covint when the smear technique v/as used 
Y/as 386.1; vAien the usual plate method vms used it was 382.0. 
Eight dilutions of yeasts gave higher counts when smeared 
upon the surface of the medium, five gave higher counts when 
plated, and tvro showed no difference in count. The differ­
ence betv/een the smear technique and the usual plate procedure 
in the determination of the yeast count on dilutions of yeasts 
vras within the limits of experimental error. 
Dilutions of ei^t yeasts were smeared upon potato 
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Table 31 
Comparison of smear technique with plate procedure 
for counting yeasts in dilutions. 
Yeast used 
Count per inl. of dilution on 
potato dextrose agar using 
Siaear technique Plate method 
1 599 634 
2 505 506 
5 514 404 
4 404 377 
5 157 68 
6 452 392 
7 353 420 
8 452 524 
9 379 364 
10 574 454 
11 350 432 
18 364 364 
13 354 313 
14 296 263 
15 239 215 
Mean 266.1 382.0 
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dextrose agar and also upon potato dextrose agar upon v/hose 
surface sterile fat had been smeared. The amotint of fat 
smeared over the agar was 0,1 ml, (approximately the amount 
that is contained in 1 ml. of a 1 to 10 dilution). After the 
fat had been smeared over the surface, dilutions of yeasts 
were inoculated and srir)ared. The counts scoured are given in 
Table 52. 
The mean yeast count obtained v/hen 0.1 ml. of milk fat-
had been smeared over the surface of the potato dextrose was 
129.4; Y/hen no fat had been siteared over the surface of the 
mediuta it was 145.1, Geven of the eiglit dilvitions of yeasts 
gave a higher count vihen fat 'i;as not present oii the surface 
of the medim. The percentage difference between the mean 
couiits of the sitjear and plate methods, usin^i potato doxtrose 
as a medium after plating samples of butter (Table 22) v;as 
15.8 per cent, and the percentage difference between the mean 
counts presented indicate that the presence of fat on the 
surface of the medium tends to j^revent tlie development of some 
of the yeasts inoculated upon it. 
B. Attempts to count the yeasts and molds in 
butter with a microscopic procedure. 
SaraploB of butter vvhich had yeast and mold counts between 
100 and 1000 per ml. viero selected for the attempts to count 
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Table 32 
Influence of fat on the surface of meditmi upon 
the count secured on dilutions of yeasts v.lth 
the smear technique. 
Yeast used 
Count per ml. of dilution on 
l)otato dextrose agar vath 
0.1 ml. of 
fat per plate 
Wo fat 
per plate 
1 93 95 
2 69 86 
3 78 67 
4 279 315 
5 274 294 
6 160 197 
7 70 84 
8 14 23 
Mean 129.4 145.1 
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the yeasts and molds vath a microGconic procedm'o. The sani-
plea of butter had been niade from sour cream nnd salted. 
Using tlie method v/hlch u-as developed by IlyLumer and Nelson 
for the liiicroscopic examination of butter, the fat was separated 
from the seriun and attempts wore made to further concentrate the 
yeasts contained in this servnn. Further concentration of the 
yeasts in the serum seemed necessary because the numbers of 
yeasts aM molds contained in butter are usually less than 500 
per ml. and such values made a lo\7 factor advis.able in calculat­
ing the number per ml. of butter. 
The methods of concentration attempted were as follov/s: 
A. The serum obtained from 10 ml. of butter v/as placed in 
a centrifuge tube and centrifuged for 15 minutes at 2000 r.p.m. 
(diameter of centriiTuge head was 7 inches). The upper portion 
of liquid was thm siphoned off and the sediment remaining was 
smeared over an area of 1.0 sq. cm. and stained with the IJevman-
Lampert one-solution stain. The amount of foreign material 
present was so great that yeasts and molds could not be 
identified, 
B. Method A was used except that the small end of the 
centrifuge tube was broken off so as to permit inserting a 
small rubber stopper. After centrifuging, the entire liquid 
content of tlie centrifuge tube ims poured off, and the sediment 
adhering to the rubber stopper was smeared over 1.0 sq. cm. 
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and stained; the foreigxi matoricil, curd, etc. prevented 
preparln{5 a satisfactory film, since the iriaterial v/as too 
concentrated. The scdimait adhering to the coi"k v/as then 
smeared over 9,0 sq. cm., but clear fields, in which yeast 
cells, mold sxjorcs and r,iold mycelixjni could be Identified, 
Vvere not obtained. 
C. kethod B v/as used except that after procuring the 
sorum from the butter it v/as diluted with equal quantities 
of each of the following solutions anil thoroughly shaken: 
1, K/5 lithimi hydroxide 
2. N/10 sodiuiTi hydroxide 
5. Ivl/5 sodimn bicarbonate 
4. I.:/5 sodiura borate 
The object in adding the above E i a t e r i a l s  was to endeavor 
to put the ciu?d-like natcrial, vrhich was bein^j thrown out 
with the yeast and mold colls, into suspension or solution. 
The staining of sediments from butter which according to 
plate count contained approximately lOOO yeasts per ml. gave 
results Y^hich v/ere of no value in enumerating yeasts and molds, 
becaiise of inability to obtain films free from large amounts 
of insoluble material. 
In the examination of the sediments obtained from butter 
it v;as found ttet they consisted chiefly of curd, but that 
sand, rust and particles of metal vjex'e also present. 
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Part 7 
SOIJj:: FACTORS IrTILUXiNGIIIG- TlIK miJJP. OF YEACTo IK BUTTER. 
In enuiaerating the yeasts and molds iu saraples of salted 
butter there is the possibility tliat sufficient salt may be 
carried over into the pistes to inliibit the growth of the 
organisms contained in the butter. Also there is little in­
formation available as to the influence of the medium upon the 
salt concentration that is necessary to inhibit the growth of 
the yeasts found in butter. The studies of Kelson^^^^ give 
evidence on the influence of salt in butter on the growth of 
yeasts. This investigator examined microscopically 448 sam­
ples of butter and detected a greater increase after an 
incubation period of 7 days at 21° C. in the yeast coxxnt in 
unsalted butter than salted; the salt percentage of the sam­
ples of butter was not recorded. In order to procure informa­
tion concerning tJicse factors, the follov/ing work was under­
taken. 
Experimental 
A. Influence of the percentage of salt in the media 
upon the grov/th of yeasts. 
Skiiiffiied milk, potato dextrose broth, and Bacto whey 
broth were prepared containing fx^om 1.0 to 10.0 pei' cent of 
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salt ( sodium chloride), Tliese media were dispensed in 10 ml. 
qiiantities into tost tubes and sterilized. The broths v/ex-e 
inoculated with the yeasts T. cremoris. Common white P, and 
Pink B. The numbers of yeasts inocxaated were determined by 
plating quantities equal to those inoculated upon acidulated 
potato dextrose agar. The inoculated broths were incubated 
for 5 days at 21 - 25° C. At the conclusion of the Incubation 
period the tubes were thoroughly shaJcen, 1.0 ml. was removed 
and dilutions prepared BO tliat the plates would contain the 
approximate number of colonies inocxilated into the broth at 
the time of inoculation; these jilates were then incubated. 
Table 33 presents the data obtained, the positive sign indi­
cating that the number of yeasts found in the broth was in 
excess of the nuriber in the broth before incubation. 
A relatively heavy inoculation did not increase the 
tolerance of the yeasts to salt but slightly decreased it. 
The yeasts T, cremoris and Gomjnon v/hite P, when grovjn in 
skimmed milk and potato dextrose broth, showed a greater 
tolerance for salt than when grown in Bacto whey broth; with 
the yeast Pink B the reverse was true. T. cremoris was the 
most sensitive to salt of the three yeasts when grown in 
Bacto whey broth, growth being inhibited by a salt concentra­
tion of 4.0 per cent; the yeast Common white P was the most 
tolerant of the tliree yeasts, grorrth taking place in skim 
Table 55 
Influence of percentage of salt in media vipon the growth of yeasts. 
ITo, of 
cells Growth in salt percentages of 
Yeast used 
inocu­
lated Medium 1.0 2.0 5,0 4,0 5,0 6.0 7,0 8.0 9.0 10.0 
T, cremori s 50 Skimmed 
milk 
/ / / / / / / / / — 
50 Potato dex­
trose broth 
/ / / • / / •• 
50 BaQto v&ey 
broth 
/ •f ^ -
150 Skimmed 
milk 
/ / / — 
150 Potato dex­
trose broth 
/ ^ / / 
150 Bacto whey 
broth 
/ / / — 
1200 Skimmed 
milk 
/ ^ / / / -
1200 Potato dex­
trose broth 
/ / / / / / / -
1200 Bacto \Aey 
broth 
/ / / 
Conmon 
white P 1020 Skimmed 
milk 
/ / / / / / / / / / 
1020 Potato dex-
+;T»r»ec» iM'fYh'h / / / / / / / / 

Common 
white P 
Pink B 
1200 
1200 
1020 
1020 
1020 
12,000 
12,000 
12,000 
65,000 
65,000 
65,000 
1250 
1250 
1250 
10,000 
10,000 
Potato dex­
trose broth 
Bacto \^ey 
broth 
Skimmed 
milk 
Potato dex­
trose broth 
Baeto vitiey 
broth 
Skiiamed 
milk 
Potato dex­
trose broth 
Bacto vhey 
broth 
Skimmed 
milk 
Potato dex­
trose broth 
Bacto Y/hey 
broth 
Skimmed 
milk 
Potato dex­
trose broth 
Bacto whey-
broth 
milk 
Potato dex-
/  / / / / / /  
/ 
/ / 
/ / / 
/ / / 
/ / 
/ / 
/ / 
/ 
r 

Pink B 
12,000 
65,000 
65,000 
65,000 
1250 
1250 
1250 
10,000 
10,000 
10,000 
20,000 
20,000 
20,000 
Bacto v^ey 
broth 
Skinmied 
milk 
Potato dex­
trose broth 
Bacto whey 
broth 
Skimmed 
milk 
Potato dex­
trose broth 
Bacto whey 
broth 
SkiriE.ed 
milk 
Potato dex­
trose broth 
Bacto whey 
broth 
Skimmed 
milk 
Potato dex­
trose broth 
Bacto whey 
broth 
/ m growth 

-110-
railk with concentrations of 9,0 to 10.0 per cont. The yeast 
Pink B was sliglitly more tolerant in potato dextrose broth 
t}ian in Bacto v;hey gro'.7th being inliibited in salt con­
centrations of 7.0 to ^5,0 per ccnt. 
The data indicate that the salt concentration of "butter 
Is not great enouglit to effect tlie grov;th of yeasts upon the 
TnediuiR in \^iich the butter sample is plated. 
B. Distribution of ;/ea;3tB and bacteria during the 
chui'uing procGSS. 
In order to compare the percentage of yeaats and of 
bacteria th.-it arc retained in butter during its manufacture, 
the following study v;as undortslcen. 
Pure cul'biires of yeasts and bacteria were inoculated 
into sterile sv/eet crcaia. The yeasts used vrex-e T. cremoris, 
Pink B and Goimuon white }?, and the bacteria iised were Achro-
mobacter lipolyticmn. and Aerobacter aerogones. Tlie muiibers 
of organisms inoculated v/ere deterrdned by plating a smll 
quantity of the inoculum and calculating the nuaaber pei' nil. 
of cream from the volume. The creaiu was churned in sterile 
quart mason jars, v/ithout the use of butter culture. The 
churn was stopped when the butter granules were slightly 
smaller than wheat grains. The amount of cream, in all the 
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ohurnlngs was approximately the same, and to seciire uniformity, 
the cream was churned in a muiltiple churn in v/hich six samples 
were churned at the same time and in each trial duplicate churn-
ings v/ere made. The volume of water used to v/ash the butter 
was the same for all the churnings, and the butter was not 
salted. Control churnings were made to check the sterility 
of the method of churning and v/ashing of the butter, and it 
was found that the nmber of contaminating organisms was less 
than 10 per ml. 
The counts were made within 2 hoiirs after churning. The 
yeast coxnits were made upon potato dextrose agar acidulated 
to pH 3,50,1 and incubated for 0 days at 21 - 25° C. while 
the bacterial counts were made on "beef infusion agar prepared 
from Bacto beef and the plates were incubated for 5 days at 
21 - 25° 0. The counts sec\3red are given in Table 34 and the 
percentages of the organisms retained in the butter as calculated 
from Table 34 are presented in Table 35. 
Tlie nimber of yeasts in the cream varied from 4,700 to 
800,000 per ml., and the nximber of bacteria varied from 28,000 
to 750,000 per ml.. The number of yeasts found in the butter­
milk ranged from 2,600, to 2,000,000 per ml., and the number 
of bacteria found in the buttermilk ranged from 40,000 to 
600,000 per ml. The number of yoasts found in the buttermilk 
was greater in nine trials than the number of yeasts in the 
Table 34 
The distribution of numbers of yeasts and bacteria during tlie chxirning process. 
''lum.'ber of organisms TDer ml. 
Organism used Trial Cream Buttermilk 1st wash water 2nd wash water Butter 
T. cremoris 1 14,000 7,700 400 10 420 
2 9,000 5,600 1,050 110 900 
Pink B 1 15,400 10,600 3,000 220 4,200 
S 87,000 90,000 8,500 3,500 1,900 
3 193,000 150,000 30,000 4,100 40,000 
4 170,000 200,000 22,000 1,500 30,000 
5 40,000 129,000 5,600 600 5,300 
6 35,000 62,000 7,300 900 3,900 1 H 
Common white P 1 4,700 2,600 1,000 380 500 M 
_ • 
2 10,000 14,000 1,500 290 180 ' 
3 50,000 70,000 50,000 10,000 5,800 
4 800,000 2,000,000 30,000 7,000 190,000 
5 40,000 172,000 12,000 1,000 5,900 
6 55,000 150,000 27,000 3,200 7,600 
Ach. lipolyticiD (n 1 28,000 60,000 8,500 1,160 cfcr ^ ^ r\ 100 A A ^ S 400,000 350,000 125,000 OO y 000 6, 000 
3 90,000 330,000 96,000 10,800 1,400 
4 750,000 480,000 850,000 8,000 38,000 
A. aerogenes 1 30,000 40,000 10,000 1,300 100 
2 460,000 600,000 300,000 45,000 42,000 
3 190,000 140,000 140,000 15,000 7,000 
4 300,000 400,000 175,000 41,000 32,000 
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Table 35 
The percentage of organisms retained in the butter. 
Percentage caloijlated from number of organisms in cresjn as 
100 per cent. 
Organism used Trial Butter 
T. cremoris 1 3.0 
2 10.0 
Pink B 1 27.3 
S S.2 
3 20.7 
4 17.6 
5 13.3 
6 11.2 
Common v;hite P 1 10.6 
2 1.8 
3 19.3 
4 23.7 
5 14.7 
6 13.8 
Ach. lipolytioum 1 0.3 
2 1.5 
3 1.5 
4 5.0 
A. aeroptenes 1 0.3 
2 9.1 
5 3.7 
4 10.5 
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cream, in five trials greater nmbers of bacteria v/ere foimd 
in the buttermilk than in the cream, in these cases the un­
usual relationship was probably due to the failure to break up 
the groups of organisms when plating the inoculating material 
as completely as when plating the buttermilk. The number of 
yeasts removed with the first wash v/ater varied from 400 to 
50,000 per ml,; the nuiaber of bacteria varied from 8,500 to 
850,000 per ml. The second wash water removed fewer organisms 
than the first wash water. The niimber of yeasts retained in 
the butter ranged from 180 to 190,000 per ml., the nvunber of 
bacteria from 100 to 42,000. The samples of butter made from 
cream of high count retained a greater number of organisms 
than samples of butter made fi-om low count cream, but there 
existed no constant ratio betv/een the number of organisms in 
the cream and the number of organisms retained in the butter. 
The percentage of yeasts retained in the butter, as 
calculated from the cream as containing 100.0 per cent ranged 
from 1,8 to 27,3 per cent, the percentage of bacteria retained 
ranged from 0.2 to 10.5 per cent. Tlie average percentage of 
yeasts and of bacteria retained in the butter was 13.4 and 3.9 
respectively. Six trials v/ere conducted using the yeasts Pink 
B and Conmion white F, the percentage of these yeasts retained 
was 15,4 and 14.0 respectively. Four trials v/ere conducted 
using Ach. lipolyticum and A. aerogenes and the number of these 
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organisras retained was 2,1 per cent and 5,9 per cent 
respectively. 
These data shov/ that a higher percentage of yeasts 
are retained in butter than bacteria. 
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smwaiY 
Part 1 
The mediura used for determiniri/; the yeast and mold 
coxint of butter greatly affected the count secured. The 
mean counts on ciO simi^les of butter unin^ If.^ media ranged 
from a low of Sl.O yoact and raolds per 0.1 ro]., of butter on 
whey agar, prepared from v;hey adjusted to j)II 7,5 at the time 
of filtering, to a high of 110.S yeasts and moldc on potato 
dextrose agar. 
Potato dextrose agar gave higher coimts than the potato 
dextrose agar suggested by V/eiser or Bacto potato dextrose 
agar. Potato dextrose agar gave the higher yeast .'ind mold 
count for a greater number of individual sfimples than did any 
other medium. No medium consistently gave high or lor.' counts 
vrithin individual samples. 
'within the v;hey agar media there were correlations be­
tween the grov/th of yeasts and molds and the pH at which the 
V7hey obtained by remiet coagxilation was filtered. The whey 
filtered at the lowest pH (5.5) gave the highest mean count; 
that filtered at the highest pH (7.5), the lov/est mean count. 
Tomato juice agar did not give so hi^i a mean yeast and 
mold count as potato dextrose agar for 22 of the 50 samples 
of butter, nor did it give as high a count as upon potato 
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cLextrose agar. 
Five pel' cent dextrose nutrient agar gave higher counts 
than 2 per cent dextrose beef infxision agar, but neither 
medium gave so high a mean count nor yielded as many high 
counts with individual somples of butter as potato dextrose 
agar. 
Bacto wort agar gave a higjher mean count than Bacto malt 
agar, but these media did not give so hi^^ mean counts as 
potato dextrose agar. 
The difference betv/een Bacto dextrose nutrient agar and 
dextrose nutrient agar prepared in the laboratory from Bacto 
products T/as within the limits of experiiaental error. 
V/hen peptone was used in v/hey agar, lovrer coxmts resxilted 
than when no peptone was added. 
The biiffer capacity was not the factor limiting the 
grov/th of yeasts on \Nhey agar prepared by rennet coagulation, 
since reducing the buffer capacity by diluting the whey caused 
a decrease in extent of growth of yeasts. 
Media of kno^m composition were found imsatisfactory 
for yeast and mold counts in butter because the colonies 
failed to develop sufficiently ducing the incubation period 
to be counted without magnification and also because of the 
great difficulty of differentiating betf/een yeast or mold 
colonies and fat globules. 
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Part 2 
The yeast counts securea upon potato dextrose agar by-
plating dilutions of yeasts isolated frora dtiiry products were 
essentially 13ie same vrf.th two lots of the medium prepared from 
two extreme types of potatoes, 
ITie amoTwit of potato lised in the preparation of the 
infusion to be made into potato dextrose agar affected the 
yeast and mold count \d.thin narrow limits. The meaii count 
was less when an infusion prepared from 100 grams of potatoes 
per liter v/as used than when an infusion prepared from 200 
grams was used. The hi^est mean count for the three amo\ints 
of potatoes used was secured upon the infusion containing 400 
grams of potatoes. Yeast colonies v/ere too small to be 
readily counted with the naked eye when grown on potato dex­
trose agar prepared from an Infusion of 100 grams of potatoes. 
Yeast and mold colonies were soinewhat larger on the medium 
containing an infusion, of 400 grams of potatoes than on the 
medium containing an infusion of 200 grams of potatoes. 
Higher counts were secured on 33 of the 51 samples of butter 
upon the medium containing 400 grams of potatoes than on the 
medium containing 200 grains of potatoes; in tv«D samples there 
was no difference and in the remaining 16 tlie hi^^er counts 
were secured on the meditim containing 200 grams of potatoes. 
The addition to potato dextrose agar of the suits 
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suggetJted by Fuljuer and Grimes for a synthetic meditira for the 
growth of yeasts did not affect the yeast and mold count of 
butter when compared TTith potato dextrose agar not contaixiing 
the salts. The addition of the salts increased the buffer 
capacity of the raediura. 
The yeast and mold count of butter was not affected by 
the addition of 0»005 grams of brom phenol blue to 100 ml. of 
pot.ato dextrose agar. In the counting of yeasts in plates 
^'.iiich were heavily infected with molds, the dye aided in the 
counting, but in the presence of considerable fat there was 
no advantage. 
The counts secured upon plating dilutions of yeasts 
isolated from dairy products on potato dextrose agar were 
slightly greater, though the difference was not signifioant, 
when the Infusion vms prepared by boiling the potatoes for 
one houj- and then autoclaving the infusion with the remaining 
ingredients of the medium, than when the potatoes were auto~ 
claved with the other ingredients of the medixna. The mean 
counts obtained were 394,7 when the Infusion was prepared 
prior to autoclaviiig and 37S.2 v/hen the infusion was prepared 
v/hile autoclaving. 
Potato dextrose agar prepared from an infusion of 
potatoes by allowing ttxo potatoes to remain in contact with 
v?ater far 24 hours at 5° C. yielded lower mean yeast and 
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mold coxints than an infusion prepared by boiling the potatoes 
for one hour; the means were 87.4 and 98,1 respectively, indi­
cating that heating the potatoes did not destroy any growth-
promoting quality. The unlieated infusion was filtered tlirough 
a Mandler filter and added to the sterile dextrose agar solution 
it was not heated hi{daer than 50° 0. 
Part 3 
Lower yeast and mold counts were secured when lactic 
acid ?/as used as the acidulant for (a) potato dextrose agai', 
(b) Bacto whey agar, (c) Bacto malt agar, and (d) 2 per cent 
dextrose nutrient agar than when tai'taric or citric acids were 
used. The difference in the yeast and mold counts secured 
when tartaric and citric acids were used as acidulants in 
the four media v/as sli^t. 
Potato dextrose agar acidulated to pH 3,51: 0.1 with each 
of the follo\iriiig acids, tartaric, lactic, citric and sulphuric, 
increased in pH during the Incubation period as a result of 
the action of yeasts growing in the medium. The increase in 
pH was greatest when lactic acid was used as an acidvilant and 
least when tartaric acid v/as \ised. 
All the yeasts studied grew well on potato dextrose agar 
and Bacto whey agar acidulated over a pH range of 5,1 to 6,1 
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Part 4 
The maximum yeast and mold count of butter v;as secured 
upon potato dextrose agar after 5 days' incubation at 21 -
25° C. The difference in the mean counts secured after 4 
days and after 5 days vas within the limits of error of plat­
ing. Higher co\mts were secured when the medium was prepared 
from 400 grains of potatoes per liter than when prepared from 
200 grams of potatoes per liter. The inean count secured after 
3 days' incubation upon the medium containing 400 grams of 
potatoes per liter was equivalent to the mean coimt secured 
after 4 days inciibation upon the mediinn containing SOO grams 
of potatoes i^er liter, and v/as it!thin the limits of experi-
mexital error of the count secured after 5 days' incubation 
vrlth the latter medium. 
The counts secured upon incubation of three yeasts for 
1, 3, and 5 days in five broth media show that the counts 
after 3 days approached the counts after 5 days more closely 
with potato dextrose broth than v/ith the other media. 
Part 5 
Using a simple potentiometer circuit with a satiirated 
calomel half cell, the voltages of some of the media (in 
broth and agar forms) used in determining the yeast and mold 
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of butl;er were determined. The orange of voltage found was 
from 0,057 volts in dextrose infusion broth to 0,867 volts 
in potato dextrose broth, Tlie media used were classified into 
three groups; Group 1, media having a voltage greater than 
0.2 volts, included potato dextrose broth, potato dextrose 
agar and Sacto malt agar; G-roup 2, medio having a voltage 
of more than 0.1 volts but less than 0.2 volts included whey 
broth, whey broth containing no peptone and dextrose nutrient 
broth; Group 3, media having a voltage of less than 0.1 volts, 
included dextrose infusion broth, Bacto tomato juice broth, 
Bacto tomato juice agar and Bacto yeast dextrose agar. Inocu­
lations of varying nximbers of cells of four yeasts into broths 
of different voltages indicated that grov/th of yeasts could be 
initiated in broths of high or low voltages within the range 
studied. 
Highest jreast counts vrere secured on potato dextrose agar, 
which had the hi^^est voltage of the agar media studied. Bacto 
yeast dexti'ose agar and Bacto tomato juice agar had approximately 
the same voltage, less than 0.1 volts, but Bacto yeast dextrose 
agar gave higher yeast counts than Bacto tomato juice agar. 
Dilutions of yeasts were found to yield widely different colony 
co\mts v/hen grown on media of different composition but of 
approximately the same voltage. 
The addition of various cimotmts of thioglycollic acid 
-123-
to potato dextrose agar resiilted In a decrease in the mean 
yeast and mold count of sanqples of butter, whereas the addi­
tion of various amounts of hydrogen peroxide to potato dextroee 
agar resulted in an increase. The decrease in mean count 
resulting from the addition of thioglycollic aoid and the in­
crease in moan count resulting from the addition of hydrogen 
peroxide were within the experimental limits of error of 
plating; and there was found no consistent regularity v/ith 
individual samples. 
Part 6 
The smear techninue was compared vatli the usual pD.ate 
method for emjmerating? the yeasts and molds in butter. The 
smear teclaniqne failed to support as high a yeast and mold 
count as the -usual plate method, the reason probably being 
thrat the. fat on the siu?face of the medium did not penr.it all 
the yj^asts to come in contact v,lth the medium. 
Attempts v/ere made to count the yeasts and molds in 
butter with the aid of tiie microscope; but, on account of 
the necessity of concentrating these cells in the serum, 
diffictilty was encountered. The other materials present in 
the butter dominated the microscopic field and made identi­
fication of yeast and mold cells impossible. 
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Part 7 
The salt tolerance- oX the yeasts studied was found to 
vary v/lth the raedivira usod. Growth of yeasts was apparent at 
higher concentrations of salt in potato dextrose broth than 
in skirnmed milk or Bacto v/hey broth. The number of yeast 
cells present in the raedium did not increase the tolerance of 
the cells to salt but caused a slight decrease in tolerance. 
The data secured indicate that a greater percentage of 
yeasts than of bacteria was retained in the butter and that 
there existed no constant ratio betv/een the nuraber of organ­
isms in the creain and the ntuuber of organisms retained in 
the butter. 
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